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Art.  I. — The  History  of  a  Doctrine;  Address  by  S.  P. 
Langley,  retiring  President  of  the  American  Association 
for  the  Advancement  of  Science.* 

"  Man,  being  the  servant  and  interpreter  of  nature,  can  do  and  understand  so 
much,  and  so  much  only,  as  he  has  observed,  in  fact  or  in  thought,  of  the  course  of 
nature.  Beyond  this  he  neither  knows  anything  nor  can  do  anything/'— Bacon^s 
iTorum  Organufn,  aphorism  1. 

In  these  days,  when  a  man  can  take  but  a  very  little  portion 
of  knowledge  to  be  his  province,  it  has  become  customary  that 
your  president's  address  shall  deal  with  some  limited  topic, 
with  which  his  own  labors  have  made  him  familiar;  and 
accordingly  I  have  selected  as  my  theme,  the  history  of  our 
present  views  about  radiant  energy,  not  only  because  of  the 
;  intrinsic  importance  of  the  subiect,  but  because  the  study  of 
this  energy  in  the  form  of  radiant  heat  is  one  to  which  I 
We  given  special  attention. 

Just  as  the  observing  youth,  who  leaves  his  own  household 
to  look  abroad  for  himself,  comes  back  with  the  report  that 
the  world,  after  all,  is  very  like  his  own  family,  so  may  the 
specialist,  when  he  looks  out  from  his  own  department,  be  sur- 
prised to  find  that,  after  all,  the  history  of  the  narrowest 
specialty  is  strangely  like  that  of  scientific  doctrine  in  general, 
and  contains  the  same  lessons  for  us.  To  find  some  of  the 
most  useful  ones,  it  is  important,  however,  to  look  with  our 
own  eyes  at  the  very  words  of  the  masters  themselves,  and  to 

*  This  Address  appears  here  complete  with  the  notes  that  have  not  hitherto 
l>een  published.— Eds. 

Am.  Joub.  Scl— Third  Sebms,  Vol.  XXXVII,  No.  217.— Jan.,  1889. 
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take  down  the  dusty  copy  of  Newton,  or  Boyle,  or  Le: 
instead  of  a  modern  abstract ;  for,  strange  as  it  may  seem,  tl 
is  something  of  great  moment  in  the  original  that  has  ne 
yet  been  incorporated  into  any  encyclopaedia,  something  re 
essential  in  the  words  of  the  man  himself  which  has  not  I 
indexed  in  any  text-buok,  and  never  will  be. 
It  is  not  for  us,  then,  here  to-day,  to  try 

"How  index-learning  turns  no  student  pale, 
Yet  holds  the  eel  of  science  by  the  tail;" 

but,  on  the  contrary,  to  remark  that  from  this  index-leam 
from  these  histories  of  science  and  summaries  of  its  progi 
we  are  apt  to  get  wrong  ideas  of  the  very  conditions  on  wl 
this  progress  oepends.  We  often  hear  it,  for  instance,  like 
to  the  march  of  an  army  towards  some  definite  end ;  but  1 
it  has  seemed  to  me,  is  not  the  way  science  usually  does  m< 
but  only  the  way  it  seems  to  move  in  the  retrospective  vie) 
the  compiler,  who  probably  knows  almost  nothing  of  the 
confusion,  diversity,  and  retrograde  motion  of  the  individ 
comprising  the  body,  and  only  shows  us  such  parts  of  it  as 
looking  backward  from  his  present  standpoint,  now  seei 
have  been  in  the  right  direction. 

I  believe  this  comparison  of  the  progress  of  science  to  i 
of  an  army,  which  obeys  an  impulse  ^om  one  head,  has  n 
error  than  truth  in  it ;  and,  though  all  similes  are  more  or 
inisleading,  I  would  prefer  to  ask  you  to  think  rather  c 
moving  crowd,  where  the  direction  of  the  whole  comes  so 
how  from  the  independent  impulses  of  its  individual  menib 
not  wholly  unlike  a  pack  of  hounds,  which,  in  the  long-i 
perhaps  catches  its  game,  but  where,  nevertheless,  when 
fault,  each  individual  goes  his  own  way,  by  scent  not  by  si| 
some  running  back  and  some  forward ;  where  the  lou< 
voiced  bring  many  to  follow  them,  nfearly  as  often  in  a  wr 

Eath  as  in  a  right  one ;  where  the  entire  pack  even  has  t 
nown  to  move  off  bodily  on  a  false  scent ;  for  this,  if  a 
dignified  illustration,  would  be  one  which  had  the  meril 
having  a  truth  in  it,  left  out  of  sight  by  the  writers  of  t 
books. 

At  any  rate,  the  actual  movement  has  been  tortuous,  or  oi 
even  retrograde,  to  a  degree  of  which  you  will  get  no  idea  f  j 
the  account  in  the  text-book  or  encyclopsedia,  where,  in 
main,  only  the  resultant  of  all  these  vacillating  motions 
given.  With  rare  exceptions,  the  backward  steps — that  is, 
errors  and  mistakes,  which  count  in  reality  for  nearly  half, 
sometimes  for  more  than  half,  the  whole — are  left  out  of  sc 
tific  history;  and  the  reader,  while  he  knows  that  mista 
have  been  made,  has  no  just  idea  how  intimately  error 
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amth  are  mingled  in  a  sort  of  chemical  union,  even  in  the  work 
>f  the  great  discoverers,  and  how  it  is  the  test  of  time  chiefly, 
which  enables  us  to  say  which  is  progress,  when  the  man  him- 
self could  not.     If  this  be  a  truism,  it  is  one  which  is  often 
forgotten,  and  which  we  shall  do  well  to  here  keep  before  us. 
This  is  not  the  occasion  to  review  the  vague  speculations  of 
the  ancient  natural  philosophers  from  Aristotle  to  Zeno,  or  to 
give  the  opinion  of  the  schoolmen  on  our  subject.     We  take  it 
up  with  the  immediate  predecessors  of  Newton,  among  whom 
we  may  have  been  prepared  to  expect  some  obscure  recogni- 
tion of  heat  as  a  mode  of  motion,  but  where  it  has  been,  to  me 
at  least,  surprising,  on  consulting  their  original  works,  to  find 
how  general  and  how  clear  an  anticipation  of  our  modem  doc- 
trine may  be  fairly  said  to  exist.     Whether  this  early  recog- 
*  nition  be  a  legacy  ^rom  tjie  Lucretian  philosophy,  it  is  not 
necessary  to  here  consider.     The  interesting  fact,  however  it 
came  about,  is  the  extent  to  which  seventeenth  century  thought 
is  found  to  be  occupied  with  views  which  we  are  apt  to  think 
very  recent. 

Descartes,  in  1664,  commences  his  "  Le  Monde  "  by  a  treatise 
on  the  propagation  of  light,  and  what  we  should  now  call  radi- 
ant heat  by  vibrations,  and  further  associates  this  view  of  heat 
as  motion  with  the  distinct  additional  conception,  that  in  the 
cause  of  light  and  radiant  heat  we  may  expect  to  find  some- 
thing quite  different  from  the  sense  of  vision  or  of  warmth  ;* 
and  he  expresses  himself  with  the  aid  of  the  same  simile  of 
sound,  employed  by  Draper  over  two  hundred  years  later. 
The  writings  of  Boyle  on  the  mechanical  production  of  heat  f 

^  "  Me  proposant  de  traiter  ici  de  la  lumidre,  la  premiere  chose  dont  je  yeuz  vous 
avertir  est  quMI  peut  7  avoir  de  la  diffi^reiice  entre  le  seDtiment  que  dods  en  avons, 
c'e8t-4-dire  IMd^e  qui  s'en  forme  en  notre  imagination  par  I'entremise  de  noa  yeux, 
et  ce  qui  est  dans  les  objets  qui  produit  en  nous  ce  sentiment,  c'est-4-dire  ce  qui 
^  dans  la  flamme  ou  dans  le  soleil  qui  s'appelle  du  nom  de  lumiere :  la  plupart 
des  philoaopbes  assurent  que  le  son  n'est  autre  chose  qu'un  certain  tremblement 
d'air  qui  vient  frapper  nos  orcilles ;  en  sorte  que  si  le  sens  de  Touie  rapportoit  4 
notre  pens^  la  vraie  image  de  son  objet,  il  faudroit,  au  lieu  de  nous  faire  concevoir 
le  80D,  qu'il  nous  fit  concevoir  le  mouvement  des  parties  de  I'air  qui  tremble  pour 
iors  coDtre  nos  oreilles.  *  *  On  passe  doucement  une  plume  sur  les  l^vres  d'un 
enfant  qui  s'endort,  et  il  sent  qu'on  le  chatouille:  pensez-vous  que  I'id^  du 
chatouillement  qu'il  congoit  ressemble  d  quelque  chose  de  ce  qui  est  en  oette 
plume  ? 

t  Detached  passages  from  Bacon,  Hobbes,  and  Locke,  referring  to  the  concep- 
tion of  heat,  as  a  mode  of  motion,  have  been  so  often  cited,  that  I  will  not  repeat 
them  here ;  but  as  these  after  all  convey  rather  an  impression  of  the  acuteness 
of  their  authors,  as  men  before  their  tune,  than  the  idea  of  a  doctrine  fully  and 
clearly  apprehended  at  the  time,  I  prefer  to  offer  the  following  much  less  known 
quotation,  which  I  find  in  the  works  of  Boyle,  published  circa  1670. 

I  beg  the  attention  of  the  reader  to  the  remarkable  passages  which  follow,  and 
Fhich  must  have  had,  in  Newton's  day,  all  the  currency  which  the  eminent  repu- 
tation of  the  author  (a  founder  of  the  Royal  Society)  could  give. 

Extracts  from  the  treatise  on  the  ^' Mechanical  Origin  of  Heat,"  by  the  Honorable 
Bohert  Boyle, — *'  Heat  will  appear  the  more  likely  to  be  mechanic^y  producible, 
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contain  illustrations  (like  that  of  the  hammer  driving  the  nail 
which  grows  hot  in  proportion  as  its  bodily  motion  is  arrested) 
which  show  a  singularly  complete  apprehension  of  views  we 

if  we  consider  the  nature  of  it,  which  seems  to  consist  mainlj,  if  not  odIj,  in  thit 
mechaoical  affection  of  matter  we  call  local  motioo  mechanically  modified^  which 
modification,  as  far  as  I  have  observed,  is  made  up  of  three  conditions." 

*'  The  first  of  these  is,  that  the  afifitation  of  the  parts  be  vehement.  Thus,  in  t 
heated  iron,  the  vehement  agitation  of  the  parts  may  be  .easily  inferred  from  the 
motioo  and  hissing  noise  it  imparts  to  drops  of  water,  or  spittle,  that  fall  upon  it 
For  it  makes  them  hiss  and  boil,  and  quickly  forces  their  particles  to  qnit  tbe 
form  of  a  liquor,  and  fly  into  the  air  in  the  form  of  steams." 

"  The  second  is  this,  that  the  determinations  be  very  various,  some  partidei 
moving  towards  tbe  right,  some  to  the  left  hand,  some  directly  upwards,  some 
downwards,  and  some  obliquely,  etc.  As  a  thoroughly  ignited  coal  wiU  appear 
every  way  red,  and  will  melt  wax,  and  kindle  brimstone,  whether  the  body  be 
applied  to  the  upper  or  to  the  lower,  or  to  any  other  part  of  the  burning  ooal 
And  congruously  to  this  notion,  though  air  and  water  be  moved  never  so  vehi- 
mently  as  in  high  winds  and  cataracts ;  yet  we  are  not  to  expect  that  they  should 
be  manifestly  hot,  because  the  vehemency  belong^  to  the  progressive  motion  of 
the  whole  body."  ,  v 

*'  There  is  yet  a  third  condition ;  namely,  that  tbe  agitated  particles,  or  at  least 
the  greatest  number  of  them,  be  so  minute,  as  to  be  singly  insensible.  For  : 
though  a  heap  of  sand,  or  dust  itself,  were  vehemently  and  confusedly  agritatedbf 
a  whirlwind,  the  bulk  of  the  grains  or  corpuscles  would  keep  their  agitation  from 
being  properly  lieat.  If  some  attention  be  employed  in  considering  the  formerly 
proposed  notion  of  the  nature  of  heat,  it  may  not  be  difficult  to  discern  that  the 
mechanical  production  of  it  may  be  divers  ways  affected.  For  by  whatever  ways 
the  insensible  parts  of  a  body  fire  put  into  a  very  conrused  and  vehement  agita- 
tion, by  the  same  ways  heat  may  be  introduced  into  that  body ;  agreeably  to 
which  doctrine,  as  there  are  several  agents  and  operations  by  which  this  calorific 
motion  (if  I  may  so  call  it)  may  be  excited,  so  there  may  be  several  ways  of 
mechanically  producing  heat." 

Boyle  goes  on  to  cite  numerous  experiments. 

*•  Kxperiment  VI.  When,  for  example,  a  smith  does  hastily  hammer  a  nail  or 
such  like  piece  of  iron,  the  hammered  metal  will  prow  exceeding  hot  and  yet 
there  appears  not  anything?  to  make  it  so,  save  the  forcible  motion  of  the  haD* 
mer,  which  impresses  a  vehement  and  variously  determined  agitation  of  the  small 
parts  of  the  iron ;  which  being  a  cold  body  before,  by  that  superinduced  commoticw 
of  its  small  parts  becomes  in  divers  senses  hot.  Again,  if  a  somewhat  large  nail 
be  driven  by  a  hamnier  into  a  plank,  or  piece  of  wood,  it  will  receive  divers 
strokes  on  the  head  before  it  grow  hot ;  but  when  it  is  driven  to  the  head,  80 
that  it  can  go  no  further,  a  few  strokes  will  sufi&ce  to  give  it  a  considerable  beat; 
for  whilst,  at  every  blow  of  the  hammer,  the  nail  enters  further  and  further  into 
the  wood,  tlie  motion  that  is  produced  is  chiefly  progressive,  and  is  of  the  whole 
nail  tending  one  way ;  whereas,  when  that  motion  is  stopped,  then  the  impulse 
given  by  the  stroke,  being  un«ble  either  to  drive  the  nail  further  on,  or  to 
destroy  its  entireuess,  must  be  spent  in  making  a  various  vehement  and  intestine 
commotion  of  the  parts  among  themselves,  and  in  such  an  one  we  formerly 
observed  the  nature  of  heat  to  consist." 

"  Experiment  VII.  That  I  might  also  show  that  not  only  a  sensible,  but  an 
intense  degree  of  heat,  may  be  produced  in  a  piece  of  cold  iron  by  local  motion,  I 
caused  a  bar  of  that  metal  to  be  nimbly  hammered  by  two  or  three  lusty  men  and 
these  soon  brought  it  to  that  degree  of  heat,  that  not  only  was  it  a  great  deal  too 
hot  to  be  safely  touched,  but  probably  would  have  kindled  gun-powder." 

Boyle  goes  on  in  the  eighth  experiment  to  illustrate  the  production  of  heat  by 
friction  by  the  use  of  a  file,  the  whetting  of  a  blade  of  a  knife,  the  head  of  f 
piece  of  brass  rubbed  on  the  floor  until  it  bums  one's  fingers,  the  heat  of  the  axle 
tree  of  a  carriage  by  the  friction  of  the  wheel,  and  the  common  experiment  o: 
striking  fire  with  a  steel  and  flint,  the  latter  as  illustrating  the  instantaneity  o 
the  production  of  the  heat 
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are  apt  to  think  we  have  made  our  own ;  and  it  seems  to  me 
that  any  one  who  consults  the  originals  will  admit,  that,  though 
its  full  conseqaences  have  not  been  wrought  out  till  our  own 
time,  yet  the  fundamental  idea  of  heat  as  a  mode  of  motion  is 
80  far  from  being  a  modem  one,  that  it  was  announced  in 
varying  forms  by  Newton's  immediate  predecessors,  by  Des- 
cartes, oy  Bacon,  by  Hobbes,  and  in  particular  by  Boyle,  while 
Hooke  and  Huyghens  merely  continue  their  work,  as  at  first 
does  Newton  himself. 

If,  however,  Newton  found  the  doctrine  of  vibrations  already, 
BO  to  speak,  "  in  the  air,"  we  must,  while  recognizing  that  in  the 
history  of  thought  the  new  always  has  its  root  in  the  old,  and 
that  it  is  not  given  even  to  a  Newton  to  create  an  absolutely 
new  light,  still  admit  that  the  full  dawn  of  our  subject  properly 
begins  with  hira,  and  admit,  too,  that  it  is  a  bright  one,  when 
we  read  in  the  '*  Optics"  such  passages  as  these  : 

"Do  not  all  fixed  bodies,  when  heated  beyond  a  certain 
degree,  emit  light  and  shine,  and  is  not  this  emission  performed 
by  the  vibrating  motions  of  their  parts  ?"  And  again  :  "  Do 
not  several  sorts  of  rays  make  vibrations  of  several  bignesses  ?" 
And  still  again :  "  Is  not  the  heat  conveyed  by  the  vibrations 
of  a  much  subtler  medium  than  air?" 

Here  is  the  undulatory  theory ;  here  is  the  connection  of  the 
ethereal  vibrations  with  those  of  the  material  solid ;  here  is 
"heat  as  a  mode  of  motion;"  here  is  the  identity  of  radiant 
heat  and  light ;  here  is  the  idea  of  wave-lengths.  What  a  step 
forward  this  first  one  is !     And  the  second  ? 

The  second  is,  as  we  know,  backward.  The  second  is  the 
rejection  of  this,  and  the  adoption  of  the  corpuscular  hypoth- 
esis, with  which  alone  the  name  of  Newton  (a  father  oi  the 
undulatory  theory)  is,  in  the  minds  of  most,  associated  to  day. 
\  Do  not  let  us  forget,  however,  that  it  was  on  the  balancing 
of  arguments  from  the  facts  then  known,  that  he  decided,  and 
that  perhaps  it  was  rather  an  evidence  of  his  superiority  to 
Huyghens,  that  apprehending  equally  clearly  with  the  latter 
the  undulatory  theory,  lie  recognized  also  more  clearly  that 
this  theory,  as  then  understood,  utterly  failed  to  account  for 
fieveral  of  the  most  important  phenomena.  With  an  equally 
judicial  mind,  Huyghens  would  perhaps  have  decided  so  too, 
in  the  face  of  difficulties,  all  of  which  have  not  been  cleared 
np  even  to-day.  These  two  great  men,  then,  each  looked 
ux)und  in  the  then  darkness  as  far  as  his  light  carried  him. 
All  beyond  that  was  chance  to  each;  and  fate  willed  that 
Newton,  whose  light  shone  farther  than  his  rivals,  found  it 
extend  just  far  enough  to  show  the  entrance  to  the  wrong  way. 
He  reaches  the  conclusion  that  we  all  know;  one  not  only 
wrong  in  regard  to  li^t,  but  which  bears  pernicious  results 
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on  the  whole  theory  of  heat,  since  light  being  conceded  to  be 
material,  radiant  heat,  if  affiliated  to  light,  must  be  regarded 
as  material  too,  and  Newton's  influence  is  so  permanent,  that 
we  shall  see  this  strange  conclusion  drawn  by  the  contem- 
poraries of  Herschel  from  his  experiments  made  a  hundred 
years  later. 

It  would  seem  then  that  the  result  of  this  unhappy  corpus- 
cular theory  was  more  far-reaching  than  we  commonly  suppose, 
and  that  it  is  hardly  too  much  to  say  that  the^ whole  promising 
movement  of  that  age  toward  the  true  doctrine  of  radiant 
energy  is  not  only  arrested  by  it,  but  turned  the  other  way ;  so 
that  in  this  respect  the  philosophy  of  fifty  years  later  is  actually 
farther  from  the  truth  than  that  of  Newton's  predecessors,  ' 
and  the  immense  repute  of  Newton  as  a  leader,  on  the  whole  " 
so  rightly  earned,  here  leads  astray  others  than  his  conscious 
disciples,  and,  it  seems  to  me,  aflfects  men's  opinions  on  topics 
which  appear  at  first  far  removed  from  those  he  discussed. 
The  adoption  of  phlogiston  was,  as  we  may  reasonably  infer, 
facilitated  by  it,  and  remotely  Newton  is  perhaps  also  responsi- 
ble in  part  for  the  doctrine  of  caloric  a  hunared  years  later. 
After  him,  at  any  rate,  there  is  a  great  backward  movement 
We  have  a  distinct  retrogression  from  the  ideas  of  Bacon  and 
Hobbes  and  Boyle.  Night  settles,  in  again  on  our  subject 
almost  as  thick  as  in  the  days  of  the  schoolmen,  and  there 
seems  to  be  hardly  an  important  contribution  to  our  knowledge, 
in  the  first  part  of  the  eighteenth  century,  due  to  a  physicist 

"Physics,  beware  of  metaphysics,"  said  Newton, — words 
which  physicists  are  apt  so  exclusively  to  quote,  that  it  seems 
only  due  to  candor  to  observe  that  the  most  important  step, 
perhaps,  in  the  fifty  years  which  followed  the  "  Optics,"  came 
irom  Berkeley,  who,  reasoning  as  a  metaphysician,  gave  ns 
during  Newton's  lifetime  a  conception  wonderfully  in  advance 
of  his  age.  Yet  the  "  New  Theory  of  Vision  "  was  generally 
viewed  by  contemporary  philosophers  as  only  an  amusing 
paradox,  while  "  coxcombs  vanquish[ed]  Berkeley  with  a  grin; 
and  this  contribution  to  science, — an  exceptional  if  not  a 
unique  instance  of  a  great  physical  generalization  reached  by 
a  priori  reasoning, — though  published  in  1709,  remains  in 
advance  of  the  popular  knowledge  even  in  these  closing  years 
of  the  nineteenth  century. 

In  the  meantime  a  new  error  had  risen  among  men, — a  new 
truth,  as  it  seemed  to  them, — and  a  thing  destined  to  liave  a 
strong  reflex  action  on  the  doctrine  of  radiant  energy.  It 
began  with  the  generalization  of  a  large  class  of  phenomena 
which  we  now  associate  with  the  action  of  oxygen,  then  of 
course  unknovni,  a  generalization  useful  in  itself,  and  accom- 
panied by  an  explanation  which  was  not  in  its  origin  objec- 
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tionable.  Let  ns  consider,  in  illustration,  any  familiar  instance 
of  oxidation,  and  try  to  look  first  for  what  was  reasonable  in 
the  eighteenth-century  views  of  the  cause  of  such  phenomena. 

A  piece  of  dry  wood  has  in  it  the  power  of  givmg  out  heat 
and  light  when  set  on  tire  ;  but  after  it  is  consumed  there  is 
left  of  it  only  inert  ashes,  which  can  give  neither.  Something, 
then,  has  left  the  wood  in  process  of  becoming  ashes ;  virtue 
has  gone  out  of  it,  or,  as  we  should  say,  it«  potential  energy 
has  gone. 

Tms  is,  so  far,  an  important  observation,  extending  over  a 
wide  range  of  phenomena,  and,  if  it  had  presented  itself  to 
the  predecessors  of  Newton,  it  would  probably  have  been 
allied  to  the  vibratory  theories,  and  become  proportionately 
fruitful.  But  to  his  disciples,  and  to  chemists  and  others,  who, 
without  being  perhaps  disciples,  were  like  all  then,  more  or 
less  consciously  influenced  by  the  materiality  of  the  corpuscu- 
lar theory,  it  appeared  that  this  virtue  also  was  a  material  ema- 
nation;— that  tnis  energy  was  an  actual  ingredient  of  the 
wood, — a  crudeness  of  conception  which  seems  most  strange 
to  us,  but  is  not  perhaps  unaccountable  in  view  of  the  then 
current  thought. 

I  have  said  that  the  progress  of  science  is  not  so  much  that 
of  an  army  as  of  a  crowd  of  searchers,  and  that  a  call  in  a 
false  direction  may  be  responded  to,  not  by  one  only,  but  by 
the  whole  body.  In  illustration,  observe  that  during  the 
greater  part  of  the  entire  eighteenth  century,  this  doctrine 
was  adopted  by  almost  every  chemist  and  by  many  physicists. 
It  had  as  general  an  acceptance  among  chemists  then  as  the 
Bnetic  theory  of  gases,  for  instance,  has  among  physicists  now, 
and,  80  far  as  time  is  any  test  of  truth,  it  was  tested  more 
severely  than  the  kinetic  theory  has  yet  been ;  for  it  was  not 
only  the  lamp  and  guide  of  chemists,  and  to  a  great  extent  of 
physicists  also,  but  it  remained  the  time-honored  and  highest 
generalization  of  chemical  science  for  over  half  a  century,  and 
it  was  accepted  not  so  much^as  a  conditional  hypothesis,  as  a 
final  guide,  and  a  conquest  for  truth  which  should  endure 
always.  And  now  where  is  it  i  Dissipated  so  utterly  from 
^en's  minds,  that,  to  the  unprofessional  part  of  even  an  edu- 
cated audience  like  this,  *'  phlogiston,"  once  a  name  to  conjure 
with,  has  become  an  unmeaning  sound. 

There  is  no  need  to  insist  on  the  application  of  the  obvious 
Dioral  to  hypotheses  of  our  ov^ti  day. 

I  have  tried  to  recall  for  a  moment  all  that  *'  phlogiston  " 
nieant  a  little  more  than  a  hundred  years  ago,  partly  because  it 
seems  to  me,  that,  though  a  chemical  conception,  physics  is  not 
blameless  for  it,  but  chiefly  because  before  it  quitted  the  world 
It  appeals  to  have  returned  to  physics  the  wrong  in  a  multi- 
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plied  form,  bj  generating  an  offspring  specially  inimical  to  true 
ideas  about  radiant  heat,  and  which  is  represented  by  a  yet 
familiar  term.     I  mean  "  caloric." 

This  word  is  still  used  loosely  as  a  synonym  for  heat,  butlus 
quite  ceased  to  be  the  very  definite  and  technical  term  it  once 
was.  To  me  it  has  been  new  to  find  that  this  so  familiar  woid 
"caloric,"  so  far  as  mv  limited  search  has  gone,  was  apparently 
coined  only  toward  tne  last  quarter  of  the  last  century.  It  is 
not  to  be  found  in  the  earliest  edition  of  Johnstou's  dictionary, 
and,  as  far  as  I  can  learn,  appears  first  in  the  corresponding 
French  form  in  the  works  of  Fourcroy.  It  expressed  an  idea 
which  was  the  natural  sequence  of  the  phlogiston  theory,  and 
which  is  another  illustration  that  the  evil  which  such  theories 
do  lives  after  them. 

"Caloric"  first  seemingly  appears,  then,  as  a  word  coined  by 
the  French  chemists,  and  meant  originally  to  signify  the  un- 
known cause  of  the  sensation  heat,  without  any  implication  as 
to  its  nature.  But  words,  we  know,  though  but  wise  men's 
counters,  are  the  money  of  fools  ;  and  this  one  very  soon  came 
to  commit  its  users  to  an  idea  which  was  more  likely  to  have 
had  its  origin  in  the  mind  of  a  chemist  at  that  time  than  of 
any  other, — the  idea  of  the  cause  of  heat  as  a  material  ingre- 
dient of  the  hot  body  ;  something  not,  it  is  true,  having  weight, 
but  which  it  would  have  been  only  a  slight  extension  of  the 
conception,  to  think  might  one  day  be  isolated  by  a  higher 
chemical  art,  and  exhibited  in  a  tangible  form. 

We  may  desire  to  recognize  the  perverted  truth  which 
usually  underlies  error  and  gives  it  currency,  and  be  willing  to 
believe  that  even  "  caloric  "  may  have  had  some  justification 
for  its  existence  ;  but  this  error  certainly  seems  to  have  been 
almost  altogether  pernicious  for  nearly  the  next  eighty  years, 
and  down  even  to  our  own  time.  With  this  conception  as  a 
ffuide  to  the  philosophers  of  the  last  yeai*8  of  the  eighteenth 
century,  it  is  not,  at  any  rate,  surprising  if  we  find  that  at  the 
end  of  a  hundred  years  from  ^wton  the  crowd  seems  to  be 
still  going  constantly  farther  and  farther  away  from  its  true 
goal. 

The  doctrine  of  caloric  is.  however,  always  recognized  as  an 
hypothesis  more  acceptable  to  chemists  than  to  physicists,  som® 
of  whom  still  stand  out  for  tlie  theories  of  Newton's  predeces- 
sors, even  through  the  darkest  years ;  so  that  the  old  idea  of 
heat,  as  a  mode  of  motion,  has  by  no  means  so  utterly  died 
that  it  does  not  appear  here  and  there  during  the  last  century, 
and  indeed,  not  only  among  philosophers,  but  even  in  a  popu- 
lar form. 

In  an  old  English  translation  of  Father  Regnault's  compila- 
tion on  physics,  dated  about  1730,  I  find,  for  instance,  the 
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t  explicit  statement  of  the  doctrine  of  heat  as  a  mode  of 
ion.  Here  heat  is  defined  (with  the  aid  of  a  simile  due,  I 
eve,  to  Boyle)  as  "  any  Agitation  whatever  of  the  insensi- 
parts.  Thus  a  Nail  which  is  drove  into  the  Wood  by  the 
Ke  of  a  Hammer  does  not  appear  to  be  hot,  because  its 
lediate  parts  have  but  one  common  Movement.  But 
aid  the  Nail  cease  -to  drive,  it  would  acquire  a  sensible 
it,  because  its  insensible  Parts  which  receive  the  Motion  of 
Hammer  now  acquire  an  agitation  every  way  rapid."  We 
ainly  must  admit  that  the  user  of  this  illustration  had  just 

clear  ideas ;  and  the  interesting  point  here  appears  to  be, 
b  as  Father  Regnault's  was  not  an  original  work,  but  a  mere 
ipendium  or  popular  scientific  treatise  of  the  period,  we 

if  only  from  this  instance,  that  the  doctrine  of  heat  as  a^ 
Je  of  motion  was  not  confined  to  the  great  men  of  an 
lier  or  a  later  time,  but  formed  a  part  of  the  common  pabu- 
\  during  the  eighteenth  century  to  an  extent  that  has  been 
gotten. 

Uthough  Prevost  gave  us  his  most  material  contribution 
ut  1790,  we  have,  it  seems  to  me,  on  the  whole,  little  to 
jrest  us  during  that  barren  time  in  the  history  of  radiant 
rgy  called  the  eighteenth  century, — a  century  in  which  siei- 
e  wore  the  pedant's  cap  and  gown,  and  her  students  read 

poem  of  Creation  like  grammarians,  for  its  syntax; — a 
tnry  whose  latter  years  are  given  up,  till  near  its  very  close, 
bad  a  priori  theories  in  our  subject,  except  in  the  work  of 
)  Americans  ;  for  in  the  general  deai*th  at  this  time  of  ex- 
iments  in  radiant  heat,  it  is  a  pleasure  to  fancy  Benjamin 
inklin  sitting  down  before  the  fire,  with  a  white  stocking  on 
!  leg  and  a  black  one  on  the  other,  to  see  which  leg  would 
•n  first,  and  to  recall  again  how  Benjamin  Thompson  (Count 
mford)  not  only  weighed  "  caloric  literally  in  the  balance 
I  found  it  wanting,  but  made  that  memorable  experiment  in 

Munich  founderies  which  showed  that  heat  was  perpetually 
1  without  limit  created  from  motion, 
t  was  in  the  last  years  of  the  century,  too,  that  he  provided 

the  medal  called  by  his  name,  and  which,  though  to  be 
en  for  researches  in  heat  and  light,  has,  I  believe,  been 
)tted  in  nearly  every  instance  to  men,  who,  like  Leslie, 
lu8,  Davy,  Brewster,  Fresnel,  Melloni,  Faraday,  Arago, 
kes.  Maxwell,  and  Tyndall,  have  contributed  toward  tne 
[ect  of  radiant  energy  in  particular. 

e  observe  that  before  this  time  the  scientific  literature  of 

century  scarcely  considers  the  idea  even  of  radiant  heat, 

less  of  radiant  energy ;  so  that  we  have  been  obliged  here 
discuss  the  views  of  its  physicists  about  heat  in  general, 
!;  and  light  in  most  minds  being  then  distinct  entities ;  all 
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the  ways  for  pilgrims  to  this  special  shrine  of  truth  beinj 
barred,  like  those  in  Banyan's  Pilgrim's  Progress,  by  the  tw( 
unfriendly  giants  who  are  here  called  Phlogiston  and  Caloric 
so  that  tliere  are  few  scientific  pilgrims  who  do  not  pay  then 
toll. 

The  last  years  of  this  century  were  destined  to  see  the  most 
remarkable  experiments  in  heat  made  in  the  whole  of  the  hun- 
dred ;  for  the  memoir  of  Rumford  appeared  in  the  Philo 
sophical  Transactions  for  1798 ;  and  in  the  very  year  1800 
appeared  in  the  same  place  Sir  William  Herschel's  paper,  in 
which  he  describes  how  he  placed  a  thermometer  in  successive 
colors  of  the  solar  spectrum,  finding  the  heat  increase  progres- 
sively from  the  violet  to  the  red,  and  increase  yet  more  beyond 
the  red  where  there  was  no  color  or  light  wnatever ;  so  that 
there  are,  he  observes,  invisible  rays  as  well  as  visible.  More 
than  that,  the  first  outnumber  the  second ;  and  these  dark  rays 
are  found  in  the  very  source  and  fount  of  light  itself.  These 
dark  rays  can  also  be  obtained,  he  observes,  from  a  candle  or  a 
piece  of  non-luminous  hot  iron,  and,  what  is  very  significant, 
they  are  found  to  pass  through  glass,  and  to  be  refracted  by  it 
like  luminous  ones. 

And  now  Herschel,  searching  for  the  final  verity  through  J 
series  of  excellent  experiments,  asks  a  question  which  showi 
that  he  has  truth,  so  to  speak,  in  his  hands, — he  asks  himsel 
the  great  question  whether  heat  and  light  be  occasioned  by  tb< 
same  or  dinerent  rays. 

Remember  the  importance  of  this  (which  the  querist  himsel 
fully  recognized) ;  remember,  that,  after  long  hunting  in  tb' 
blindfold  search,  he  has  laid  hands,  as  we  now  know,  on  tb 
truth  herself,  and  then  see  him — let  go.  He  decides  that  hea 
and  light  are  not  occasioned  by  the  same  rays,  and  we  seem  t 
see  the  fugitive  escape  from  his  grasp,  not  to  be  again  fairl; 
caught  till  the  next  generation. 

I  hardly  know  more  remarkable  papers  than  these  of  Hei 
schel's  in  the  Philosophical  Transactions  for  1800,  or  anythini 
more  instructive  in  little  men's  successes  than  in  this  grea 
man's  failure,  which  came  in  the  moment  of  success.  I  wonl 
strongly  recommend  the  reading  of  these  remarkable  origin^ 
memoirs  to  any  physicist  who  knows  them  only  at  secondhand 

One  more  significant  lesson  remains,  in  the  effect  of  this  o 
the  minds  of  his  contemporaries.  Herschel's  observation  is  t 
us  almost  a  demonstration  of  the  identity  of  radiant  heat  an* 
light ;  but  now,  though  the  nineteenth  century  is  opening,  it  i 
with  the  doctrine  in  tlie  minds  of  most  physicists,  and  perhap 
of  all  chemists,  that  heat  is  occasioned  by  a  certain  materia 
fluid.  Phlogiston  is  by  this  time  dead  or  dying,  but  Caloric  i 
very  much  dive,  and  never  more  perniciously  active  than  nov 
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len,  for  instance,  years  after  Herschel's  observation,  we  find 
is  cited  as  *'  demonstrating  the  existence  of  caloric  ;" — which 
18,  it  seems,  the  way  it  looked  to  a  contemporary. 
In  the  year  1804  appeared  what  should  be  a  very  notable 
>ok  in  the  history  of  our  subject,  written  by  Sir  John  Leslie, 
hose  name  survives  perhaps  in  the  minds  of  many  students 
liefly  in  connection  with  the  "  cube "  which  is  still  called 
Eter  nim. 

Leslie,  however,  ought  to  be  remembered  as  a  man  of  orig- 
lal  genius,  worthy  to  be  mentioned  with  Herschel  and  Melloni ; 
nd  nis,  too,  is  one  of  the  books  which  the  student  may  be 
ecommended  to  read,  at  least  in  part,  in  the  original ;  not  so 
nueh  for  the  writer's  instructive  experiments  (which  will  be 
bnnd  in  our  text-books)  as  for  his  pjost  instructive  mistakes, 
vhich  the  text-book  will  probably  not  mention. 

He  began  by  introducmg  the  use  of  the  simple  instrument 
^hich  bears  his  name,  and  a  new  and  more  delicate  heat-meas- 
irer  (the  differential  thermometer) ;  and  with  these,  and  con- 
Jave  reflectors  of  glass  and  metal,  he  commenced  experiments 
n  radiant  heat,  than  which,  he  tells  us,  no  part  oi  physical 
Jcience  then  appeared  so  dark,  so  dubious,  and  so  neglected. 
It  is  interesting,  and  it  marks  the  degree  of  neglect  he  alludes 
»,  that  his  first  discovery  was  that  different  substances  have 
iifferent  radiating  and  absorbing  powers.  It  gives  us  a  vivid 
dea  of  the  density  of  previous  ignorance,  that  it  was  left  to 
ie  present  century  to  demonstrate  this  elementary  fact,  and 
iat  Leslie,  in  view  of  such  discoveries,  says,  "  I  was  trans- 
ported at  the  prospect  of  a  new  world  emerging  to  view." 

Kext  he  shows  that  the  radiating  and  absorbing  powers  are 
proDortional,  next  that  cold  as  well  as  heat  seems  to  be  radi- 
ated, and  next  undertakes  to  see  whether  this  radiant  heat  has 
uiv  aflinity  to  light.  He  then  experiments  in  the  ability  of 
nidiant  heat  to  pass  through  a  transparent  glass,  which  transmits 
light  freely,  and  thinks  he  finds  that  none  does  pass.  Radiant 
keat  with  him  seems  to  mean  heat  from  non-luminous  sources  ; 
iiid  the  ability  or  non-ability  of  this  to  pass  through  glass,  is 
to  Leslie  and  his  successors  a  most  crucial  test,  and  its  failure 
to  do  80  a  proof  that  this  heat  is  not  affiliated  to  light. 

Let  us  pause  a  moment  here  to  reflect  that  we  are  apt  to 
unconsciously  assume,  while  judging  from  our  own  present 
standpoint  where  past  error  is  so  plain,  that  the  false  conclu- 
sion can  only  be  chosen  by  an  able,  earnest,  conscientious 
?eeker,  after  a  sort  of  struggle.  Not  so.  Such  a  man  is  found 
w^elcoming  the  false  with  rapture,  as  very  truth  herself. 

"What  then,"  says  Leslie,  "is  this  calorific  and  frigorific 
inid  after  which  we  are  inquiring  ?  .  It  is  not  light,  it  has 
10  relation  to  ether,  it  bears  no  analogy  to  the  fluids,  real  or 
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imaginary,  of  magnetism  and  electricity.  Bnt  why  have  re- 
course to  invisible  agents  ?  QiLod  petia^  hie  est  It  is  merely 
the  ambient  AIR." 

The  capitals  are  Leslie's  own,  but  ere  we  smile  with  supe- 
rior knowledge,  let  us  put  onrselyes  in  his, place,  and  then  we 
may  comprehend  the  exultation  with  which  he  announces  the 
identity  of  radiant  heat  and  common  air,  for  he  feels  that  he 
is  beginning  a  daring  revolt  against  the  orthodox  doctrine  of 
caloric  ;  and  so  he  is.     • 

The  first  five  years  of  this  century  are  notable  in  the  history 
of  radiant  energy,  not  only  for  the  work  of  Leslie,  and  for 
the  observation  by  Wollaston,  Ritter,  and  others,  of  the  so- 
called  "  chemical "  rays  beyond  the  violet,  but  for  the  appear- 
ance of  Young's  papers,  reestablishing  the  undulatory  theory, 
which  he  indeed  considered  in  regard  to  light,  but  wnicji  was 
obviously  destined  to  affect  most  powerfully  the  theory  of  ra- 
diant energy  in  general. 

We  are  now  in  the  year  1804,  or  over  a  century  and  a 
quarter  since  the  corpuscular  theory  was  emitted,  and  during 
tnat  time  it  has  gradually  grown  to  be  an  .article  of  faith  in  a 
sort  of  scientific  church,  where  Newton  has  come  to  be  looked  on 
as  an  infallible  head,  ard  his  views  as  dogmas,  about  which  no 
doubt  is  to  be  tolerated ;  but  if  we  could  go  back  to  Cam- 
bridge in  the  year  1668,  when  the  obscure  young  student,  in 
no  way  conscious  of  his  future  pontificate,  takes  his  degree 
(standing  twenty-third  on  the  list  of  graduates),  we  should 
probably  find  that  he  had  already  elaborated  and  greatly  im- 
proved certain  already  current  ideas  into  the  undulatory  the- 
ory of  light,  which  he  at  any  rate  promulgated  a  few  years 
later,  and  afterward,  pressed  with  many  difficulties,  altered,  as 
we  now  know,  to  an  emissive  one. 

Probably,  if  we  could  have  heard  his  own  statement  then, 
he  would  have  told  how  sorely  tried  he  was  between  these  two 
opinions,  and,  while  explaining  to  us  how  the  wavering  bal- 
ance came  to  lean  as  it  did,  would  have  admitted,  with  the 
modesty  proper  to  such  a  man,  that  there  was  a  great  deal  to 
be* said  on  either  side.  We  may,  at  any  rate,  be  sure  that  it 
would  not  be  from  the  lips  of  Newton  himself  that  we  should 
have  had  this  announced  as  a  belief  which  was  to  be  part  of 
the  rule  of  faith  to  any  man  of  science. 

But  observe  how,  if  science  and  theology  look  askance  at 
each  other,  it  is  still  true  that  some  scientific  men  and  some 
theologians  have,  at  any  rate,  more  in  common  than  either  ia 
ready  to  admit ;  for  at  the  beginning  of  this  century  Newton's 
followers,  far  less  tolerant  than  their  master,  have  made  out  of 
this  modest  man  a  scientific  pontiff,  and  out  of  his  diffident 
opinions  a  positive  dogma,  till  as  years  go  on,  he  comes  to  b^ 
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)d  as  80  infallible  that  a  qnestioDing  of  these  opinions  is  an 
snse  deserving  excommunication. 

This  has  grown  to  be  the  state  of  things  in  1804,  when 
•ungy  a  man  possessing  something  of  Newton's  own  great- 
»,  ventures  to  put  forward  some  considerations  to  show  that 
)  undulatory  theory  may  be  the  true  one,  after  all.  But  the 
3valent  and  orthodox  scientific  faith  was  still  that  of  the  ma* 
ial  nature  of  light ;  the  undulatory  hypothesis  was  a  heresy, 
i  Young  a  heretic.  If  his  great  researches  had  been  re- 
3wed  by  a  physicist  or  a  brotner  worker,  who  had  himself 
)dden  tne  diflBcult  path  of  discovery,  he  might  have  been 
3ated  at  least  intelligently;  but  then,  as  always,  the  camp- 
Uowers,  who  had  never  been  at  the  front,  phouted  from  a 
fe  position  in  the  rear  to  the  man  in  the  dust  of  the  fight, 
at  ne  was  not  proceeding  according  to  the  approved  rules  of 
ctics ;  then,  as  always,  these  men  stood  between  the  public 
id  the  investigator,  and  distributed  praise  or  blame. 

If  you  wish  to  hear  how  the  scientific  heretic  should  be 
ibuked  for  his  folly,  listen  to  one  who  never  made  an  obser- 
ition,  but,  having  a  smattering  of  everything  books  could 
lach  about  every  branch  of  knowledge,  was  judged  by  him- 
jlf  and  by  the  public  to  be  the  fittest  interpreter  to  it,  of  the 
hysicai  science  of  this  day.  I  mean  Henry  Brougham,  the 
niversal  critic,  the  future  Lord  Chancellor  of  England,  of 
horn  it  was  observed,  that,  "if  he  had  but  known  a  little 
«MJ,  he  would  have  known  a  little  of  everything."  He  uses 
\tX\iQn  2i\['^owQYi\\[  Edinburgh  Heview  for  his  pulpit,  and 
•om  it  fulminates  the  condemnations  of  the  church  on  the  in- 
ovating  memoir  of  the  heretical  Young. 

^'This  paper,"  he  says,  "contains  nothing  which  deserves 
le  name  of  experiment  or  discovery ;  and  it  is,  in  fact,  des- 
tute  of  every  species  of  merit.  .  .  .  first  is  another  lecture, 
intaining  more  fancies,  more  blunders,  more  unfounded 
ypotheses,  more  gratuitous  fictions  .  .  .  and  all  from  the  fer- 
le  yet  fruitless  brain  of  the  eternal  Dr.  Young.  In  our  sec- 
nd  number  we  exposed  the  absurdity  of  this  writer's  *  la\^  of 
iterference,'  as  it  pleases  him  to  call  one  of  the  most  incom- 
rehensible  suppositions  that  we  remember  to  have  met  with 
1  the  history  of  human  hypotheses." 

There  are  whole  pages  of  it,  but  this  is  enough ;  and  I 
te  this  passage  among  many  such  at  command,  not  only  as  an 
tample  of  the  way  the  undulatory  theory  was  treated  at  the 
Jginning  of  this  century  in  the  first  critical  journal  of  Eu- 
pe,  but  as  another  exam  pie 'of  the  general  rule  that  the  same 
ing  may  appear  intrinsically  absurd,  or  intrinsically  reason- 
le,  according  to  the  year  of  grace  in  which  we  hear  of  it. 
le  great   majority,  even  of  students   of  science,  must  take 
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their  opinions  ready-made  as  to  science  in  general ;  each  kn< 
ing,  so  far  as  he  can  be  said  to  know  anything  at   first-ha 
only  that  little  comer  which  research  has  made  specially 
own. 

The  moral  we  can  all  draw,  I  think,  for  ourselves. 

In  spite  of  such  criticism  as  this,  the  undulatory  liypothi 
of  light  made  rapid  way,  and  carried  with  it,  one  would  n 
say,  the  necessary  inference  that  radiant  heat  was  due  to 
dulations  also.  This  was,  however,  no  legitimate  inference 
those  to  whom  radiant  heat  was  still  a  fluid  ;  and  j'et,  in  sf 
of  all,  the  modern  doctrine  now  begins  to  make  visi 
progress. 

A  marked  step  is  taken  about  1811  by  a  young  Frenchm 
De  la  Roche,  who  deserves  to  be  better  remembered  than  he 
for  he  clearly  anticipated  some  of  Melloni's  discoveries.     Dc 
Roche  in  particular  shows  that  of  two  successive  screens 
second  absorbs  heat  in  a  less  ratio  than  the  first ;  whence 
before  any  one  else,  I  believe,  derives  the  just  and  most 
portant,  as  well  as  the  then  most  novel  conception,  that  r? 
ant  heat  is  of  different  kinds.     He  sees  also,  that,  as  a  bod^ 
heated  more  and  more,  there  is  a  gradual  and  continual 
vance  not  only  in  the  amount  of  heat  it  sends  out,  but  in 
kind,  so  that,  as  the  temperature  still  rises,  the  radiant  h 
becomes  light  by  imperceptible  gradations  ;  and  he  conclu' 
that  heat  and  light  are  due  to  one  simple  agent,  which,  as  i 
temperature  rises  yet  more,  appears  more  and  more  "as  light, 
which,  as  the  luminous  radiation  is  absorbed,  re-appears 
heat.     Very  little  of  it,  he  observes,  passes  even  transpar 
screens  at  low  temperatures,  but  more  and  more  does  so  as 
temperature  rises. 

All  this  is  a  truism  in  1888,  but  it  appears  admirably  new 
well  as  true  in  1811 ;  and  if  De  la  Roche  had  not  been 
moved  by  an  early  death,  his  would  have  not  improbably  b< 
the  greatest  name  of  the  century  in  the  history  of  our  subje 
an  honor,  however,  which  was  in  fact  reserved  for  another. 

The  idea  of  the  identity  of  light  and  radiant  heat  had 
this  time  made  such  progress  that  the  attempt  to  [>olarize 
latter  was  made  in  1818  by  Berard.     We  have  just   seen 
Herschel's  case  how  the  most  sound  experiment  may  lead  t 
wrong  conclusion,  if  it  controvert  the  popular  view.     We  n 
have  the  converse  of  this  in  the  fact  that  the  zeal  of  those  v 
are  really  in  the  right  way  may  lead  to  unsound  and  incon< 
sive  experiment ;  for  Berard  experimentally  established,  as  it  ^ 
supposed,  the  fact  that  obscure  radiant  heat  can  be  polarized, 
it  can,  but  not  with  such  means  as  Berard  possessed,  and  it  ^ 
not  till  a  dozen  years  more  that  Forbes  actually  proved  it 
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At  this  time,  however  fairly  we  seem  embarked  on  the 
paths  of  study  which  are  followed  to-day,  and  while  the  move- 
ment of  the  main  body  of  workers  is  in  the  right  direction,  it 
is  yet  instructive  to  observe  how  eminent  men  are  still  spend- 
ing great  and  conscientious  labor,  their  object  in  which  is  to 
advance  the  cause,  while  the  effect  of  it  is  to  undo  the  little 
which  has  been  rightly  done,  and  to  mislead  those  who  have 
begun  to  go  right. 

As  an  instance  both  of  this  and  of  the  superiority  of  mod- 
ern apparatus,  we  may  remark, — after  having  noticed  that  the 
ability   of  obscure  heat   to  -pass  through  glass,  if  completely 
established,  would  be  a  strong  argument  in  favor  of  its  kin- 
ship to  light,  and  that  De  la  Roche  and  others  had  indicated 
that  it  would  do  so  (in  which  we  now  know  they  were  right), — 
that  at  this  stage,  or  about  1816,  Sir  David   Brewster,  the 
eminent  physicist,  made  a  series  of  experiments  which  showed 
that  it  would  not  so  pass.     Ten  years  later,  in  view  of  the  im- 
portance of  the  theoretical  conclusion,  Baden  Powell  repeated 
nis  observations    with   great  care,    and  confirmed  them,  an- 
nouncing that  the  earlier  experimenters  were  wrong,  and  that 
Brewster  was  right ;  so  that  here  all  these  years  of  conscien- 
tious work  resulted  in  establishing,  so  far  as  it  could  be  estab- 
lished, a  wholly  wrong  conclusion  in  place  of   a  right  one 
already  gained. 

It  may  be  added,  that  with  our  present  apparatus,  the  pas- 
sage of  obscure  radiant  heat  through  glass  could  be  made 
convincingly  evident  in  an  experiment  which  need  not  last 
a  single  second. 

We  are  now  arrived  at  a  time  when  the  modem  era  begins  ; 
and  in  looking  back  over  one  hundred  and  fifty  years,  from 
the  point  of  view  of  the  experimenter  himself  with  his  own  state- 
ment of  the  truth  as  he  saw  it,  we  find  that  the  comparison  of  the 
progress  of  science  to  that  of  an  army,  which  moves,  perhaps 
with  the  loss  of  occasional  men,  but  on  the  whole  victoriously 
and  in  one  direction,  U  singularly  misleading  ;  and  I  state  this 
more  confidently  here,  because  there  are  many  in  this  audience 
who  did  not  get  their  knowledge  of  nature  from  books  only, 
but  who  have  searched  for  the  truth  themselves  ;  and,  speat- 
JDg  to  them,  may  I  not  say  that  those  who  have  so  searched  know 
that  the  most  nonest  purpose  and  the  most  patient  striving 
have  not  been  guaranties  against  mistakes, — mistakes  which 
were  probably  hailed  at  the  time  as  successes  ?  It  was  some 
one  01  the  fraternity  of  seekers,  I  am  sure,  who  said,  "  Show 
Dae  the  investigator  who  has  never  made  a  mistake,  and  I  will 
show  you  one  who  has  never  made  a  discovery." 

We  have  seen  the  whole  scientific  body,  as  regards  this  par- 
ticular science  of  radiant  energy,  moving  in  a  mass,  in  a  wrong 
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direction,  for  a  century  ;  we  have  seen  that  individnals  in  it 

So  on  their  independent  paths  of  error ;  and  we  can  only  won- 
er  that  an  era  should  have  come  in  which  such  a  real  ad- 
vance is  made  as  in  ours. 

That  era  has  been  brought  in  by  the  works  of  many,  bnt 
more  than  by  any  other  through  the  fact  that,  in  the  year 
1801 ,  there  came  mto  the  world  at  Parma  an  infant  who  wu 
bom  a  physicist,  as  another  is  bom  a    poet ;  nav,  more ;  who 
was  bom,  one   might  say,  a  devotee  of  one  department  of 
physics,  that  of  radiant  heat ;  being  affected  in  his  tenderest 
years  with  such  a  kind  of  precocious  passion  for  the  subject  u 
the  childish  Mozart  showed  for  music.     He  was  ready  to  sacri- 
fice everything  for  it ;  he  struggled  through  untold  difficulties, 
not  for  the  sake  of  glory  or  worldly  profit,  but  for  radiant 
heat's  sake  ;  and  when  fame  finally  came  to  him,  and  he  had 
the  right  to  speak  of  himself,  he  wrote  a  preface  to  his  col- 
lected researches,  which  is  as  remarkable  as  anything  in  hiB 
works.     In  this  preface  he  has  given   us,  not  a  summary  of 
previous  memoirs  on  the  subject,  not  a  table  of  useful  facton 
and  formulae,  not  anything  at  all  that  an  English  or  an  Ameri- 
can scientific  treatise  usually  begins  with,  but  the  ingenuouB 
story  of  his  first  love,  of  his  boyish  passion  for  this  beloved 
mistress  ;  and  all  this  with  a  trust  in  us,  his  readers,  which  is 
beautiful  in  its  childlike  confidence  in  our  sympathy. 

I  should  need  to  abbreviate  and  injure  in  order  to  quote; 
but  did  ever  a  learned  physical  treatise  and  collections  of  use- 
ful tables  begin  like  this  before  ? 

''I  was  born  at  Parma,  and  when  I  got  a  holiday  used  to  go 
into  the  country  the  night  before,  and  go  to  bed  early,  so  as 
to  get  up  before  the  dawn.  Then  I  used  to  steal  silently  ont 
of  the  house,  and  run,  with  bounding  heart,  till  I  got  to  the 
top  of  a  little  hill,  where  I  used  to  set  myself  so  as  to  look 
toward  the  East."  There,  he  tells  us,  he  used,  in  the  stillness 
of  nature,  to  wait  the  rising  sun,  and  feel  his  attention  rapt 
less  with  the  glorious  spectacle  of  the  morning  light  itself  than 
with  the  sense  of  the  mysterious  heat  which  accompanied  its 
beams,  and  brought  something  more  necessary  to  our  life  and 
that  of  all  nature  than  the  light  itself,  so  that  the  idea  that 
not  only  mankind,  but  nature,  would  perish  though  the  light 
continued,  if  this  was  divorced  from  heat,  made  a  profound 
impression,  he  tells  us,  on  his  childish  mind.  ! 

The  statement  that  such  an  idea  could  enter  with  dominat- 
ing force  into  the  mind  of  a  child  will  perhaps  seem  improb- 
able to  most.     It  will,  however,  be  credible  enough  to  some  .  ■ 
here,  I  Lave  no  doubt.  1 

Is  there  some  ornithologist  present  who  remembers  a  quite 
infantile  attraction  which  birds  possessed  for  him  above  all  the 
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t  of  the  animated  creation  ?  Some  chemist  whose  earliest 
oUections  are  of  the  strange  and  qnite  abnormal  interest  he 
nd  as  a  child  in  making  experimental  mixtures  of  every 
d  of  accessible  household  fluid  and  solid?  Some  astron- 
er  who  remembers  that  when  a  very  little  creature  not  only 
sight  of  the  stars,  but  of  any  work  on  astronomy,  even  if 
jrly  beyond  his  childish  comprehension,  had  an  incompre- 
isible  attraction  for  him  ?  I  will  not  add  to  the  list  There 
,  at  anv  rate,  many  here  who  will  understand  Melloni  when 
tells  how  this  radiant  heat,  commonplace  to  others,  was 
aderful  to  his  childish  thought,  and  wrought  a  charm  on  it 
h  that  he  could  not  see  wood  burn  in  a  fireplace,  or  look  at 
ot  stove,  without  its  drawing  his  mind,  not  to  the  fire  or 
1  itself,  but  to  the  mysterious  effluence  which  it  sent. 
This  was  the  youth  of  genius ;  but  let  not  any  fancy  that 
lius  in  research  is  to  be  argued  from  such  premonitions 
Qe,  unless  it  can  add  to  them  that  other  qualification  of 
lius  which  has  caused  it  to  be  named  the  faculty  of  taking 
nite  pains.  Melloni's  subsequent  labors  justified  this  last 
inition  also ;  but  I  cannot  speak  of  them  here,  further  than 
say,  that,  after  going  over  a  large  part  of  his  work  myself, 
\  modem  methods  and  with  better  apparatus,  he  seems  to 
the  man,  of  all  great  students  of  our  subject,  who,  in  ref- 
nce  to  what  he  accomplished,  made  the  fewest  mistakes, 
tfelloni  is  very  great  as  an  experimenter,  and  owes  much  of 
success  to  the  use  of  the  newly  invented  thermopile,  which 
partly  his  own.  I  can  here,  however,  speak  only  of  his 
nits,  and  of  but  two  of  these, — one  generally  known  ;  the 
er,  and  the  more  important,  singularly  little  known,  at  least 
connection  with  him. 

Che  first  is  the  full  recognition  of  the  fact,  partly  antici- 
ed  by  De  la  Roche,  that  radiant  heat  is  of  different  kinds, 
I  that  the  invisible  emanations  differ  among  themselves  inst 
those  of  light  do.     Melloni  not  only  established  the  tact, 

invented  a  felicitous  term  for  it,  which  did  a  great  deal  to 
np  it  on  recognition, — the  term  "  thermochrose,"  or  heat- 
)r,  which  helps  us  to  remember,  that,  as  the  visible  and 
>arently  simple  emanation  of  light  is  foimd  to  have  its 
)r8,  so  radiant  heat,  the  invisible  but  apparently  simple 
anation,  has  what  would  be  colors  to  an  eye  that  could  see 
m.  This  result  is  well  known  in  connection  with  Melloni. 
Che  other  and  the  greater,  which  is  not  generally  known  as 
illoni's,  is  the  generalization  that  heat  ana  light  are  effects  of 
5  and  the  same  thing,  and  merely  different  manifestations  of 

I  translate  this  important  statement  as  closely  as  possible 
•m  his  own  words.     They  are  that 

^M.  JouE.  Sci.--Thied  Sbbibs,  Voi*  XXXVII,  No.  217.— Jah.,  1889. 
2 


18  S.  P.  La/ngley — Ths  History  qfa  Doctrvne. 

^'  lAght  18  merely  a  series  of  calorific  indications  sensiUe  t$ 
the  orgcms  of  sigkt^  or  vice  versa^  the  radiations  of  obeeun 
heat  a/re  v&rUaUe  invisible  radiations  of  lights 

The  italics  and  the  capitals  are  Mellom's  own.  He  wisha 
to  have  no  ambigaity  about  his  announcement  behind  whidi 
he  may  take  shelter ;  and  he  had  so  firm  a  grasp  of  the  great 
principle,  that,  when  his  first  attempts  to  observe  the  heat  of 
the  moon  failed,  he  persevered,  because  this  principle  assured 
him  that  where  there  was  light  there  must  be  heat.  Thii 
statement  was  made  in  1843,  and  oueht,  I  think,  to  insure  to 
Melloni  the  honor  of  being  first  to  uius  distinctly  annoonoe 
this  great  generalization. 

The  announcement  passed  apparently  unnoticed,  in  spite  of 
his  acknowledged  authority ;  ana  the  general  belief  not  merely 
in  different  entities  in  the  spectrum,  out  in  a  material  calorie, 
continued  as  strong  as  ever.  If  you  want  to  see  what  a  hold 
on  life  error  has,  and  how  hard  it  dies,  turn  to  the  artide 
^^  heat,"  in  the  eighth  edition  of  the  '^  Encyclopaedia  Britu- 
nica,"  where  you  will  fijsd  the  old  doctrine  of  ^oric  still  is  -^ 
possession  of  the  field  in  1853 ;  and  still  later,  in  the  generally  L 
excellent  '*  English  Encyclopedia"  (edition  of  1867),  the  doe- 
trine  of  caloric  is,  on  the  whole,  preferred  to  the  undnktcHT 
hypothesis.  It  is  very  probable  tnat  a  searcher  might  ftod 
many  traces  of  it  yet  lingering  among  us;  so  diat  Giant 
Oaloric  is  not,  perhaps,  even  yet  cfuite  dead,  though  certainly 
grown  so  crazy  and  stiff  in  the  jomts,  that  he  can  now  hann 
pilgrims  no  more. 

So  far  as  I  know,  no  physicist  of  eminence  reasserted  Hel* 
loni's  principle  with  equal  emphasis,  till  J.  W.  Draper,  in  187i 
Only  sixteen  years  ago,  or  in  1872^  it  was  almost  univerBally 
believed  that  there  were  three  different  entities  in  the  spec- 
trum,   represented   by   actinic,   luminous  and  thermid  layi. 
Draper  remarks  that  a  ray  consists  solely  of  ethereal  vibrationi 
whose  lost  vis  viva  may  produce  either  heat  or  chemical  changa 
He  uses  Descartes'  analogy  of  the  vibration  of  the  air,  and 
sound ;  but  he  makes  no  mention  either  of  Descartes  or  of 
Melloni,  and  speaks  of  the  principle  as  leading  to  a  modifica- 
tion of  views  then  '^ universally"  held.      Since  that  time  the 
theory  has  made  such  rapid  progress,  that,  though  some  of  the 
older  men  in  England  and  on  the  European  continent  have  not 
welcomed  it,  its  adoption  among  all  physicists  of  note  may  be 
said  to  be  now  universal,  and  a  new  era  in  our  history  b^ins 
with  it     I  mean  with  the  recognition  that  there  is  one  radiant 
energy  which  appears  to  us  as  "actinic,"  or  " luminous "  or 
"thermal"  radiation,  according  to  the  way  we  observe  it 
Heat  and  light,  then,  are  not  things  in  themselves,  but  whether 
different  sensations  in  our  own  bodies,  or  different  effects  in 
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other  bodies,  are  merely  effects  of  this  mysterions  thing  we 
call  radiant  energy,  witnout  doing  more  m  this  than  giye  a 
name  to  the  ignorance  which  stifl  hangs  oyer  the  ultimate 
cause. 

I  am  coming  down  dangeroosly  near  onr  own  time,  for  one 
ipvho  would  be  impartial  m  deahng  with  names  of  those  still 
living.     In  such  a  brief  reyiew  of  this  century's  study  of 
Tadiant  energy  in  other  forms  than  light,  it  has  been  necessary 
to  pass  witnout  mention  the  labors  of  such  men  as  Pouillet 
and  Becquerel  in  France,  of  Tyndall  in  England,  and  of 
Henry  in  America.     It  has  been  necessary  to  omit  all  mention 
of  those' who  haye  advanced  the  knowledge  of  radiant  enerey  as . 
liffht,  or  I  should  haye  had  to  sneak  of  labors  so  diverse  as  mose 
^f  Fraunhof er,  of  Elirchhoff,  oi  Fresnel,  of  Stokes,  of  Lockyer, 
of  Janssen,  and  many  more.    I  have  made  no  mention,  in  the 
instnictiye  history  of  error,  of  many  celebrated  experimental 
researches ;  in  particular  of  such  a  problem  as  the  measure- 
ment of  solar  heat,  great  in  importance,  but  apparently  most 
simple  in  solution,  yet  which  has  now  been  carried  on  from 
seneration  to  generation,  each  experimenter  materially  alter- 
mg  the  result  of  his  predecessor,  and  where  our  successors  will 
probably  correet  our  own  results  in  turn.    I  have  not  spoken 
of  certain  purely  experimental  inyestigations,  like  those  of 
Dtilong  and  Petit^  which  haye  inyolved  immense  and  consci- 
entious labor,  and  haye  apparently  rightly  earned  the  name  of 
'^classic''  from  one  generation,  only  to  be  recognized  by  the 
next  as  leading  to  untrustworthy  results,  and  leaving  the  work 
to  be  done  aeain  with  new  metnods,  guided  by  new  principles. 
In  these  instances,  painstaking  experiments  have  proyed 
insufficient,  less  from  want  of  skill  m  the  inyestigator  than 
from  his  ignorance  of  principles  not  established  in  time  to 
enable  him  to  interpret  his  experiments ;  but,  if  there  were 
opportunity^  it  would  be  profitable  to  show  how  inexplicably 
sometimes  error  flourishes,  grows,  and  maintains  an  apparently 
healthy  appeantnce  of  trum,  without  haying  any  root  what* 
ever.    Pernaps  I  may  cite  one  instance  of  this  last  from  my 
own  experience. 

About  ten  years  ago  it  was  generally  believed  that  the 
earth's  atmosphere  act^  exactly  the  part  of  the  glass  in  a  hot- 
bed, and  that  it  kept  the  planet  warm  by  exerting  a  specially 
powerful  absorption  on  all  infra-red  rays.  I  had  been  reared 
in  the  orthodox  scientific  church,  of  which  I  am  happy  to  be 
atill  a  member ;  but  I  had  acquired  perhaps  an  almost  undue 
respect,  not  only  for  her  doctrines,  but  for  her  least  sayings. 
Accordingly,  when  my  own  experiments  did  not  agree  with 
the  received  statement,  I  concluaed  that  my  experiments  must 
be  wrong,  and  made  them  all  oyer  again,  till  spring,  summer, 
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azincni:  md  winter  l^d  r*5e€i  each  9»s»>a  ei^Tug  its  own 
cmonT :  md  tri*  for  *-c«afeive  years.  The  tmal  conclnfiicm 
s  irT€si?f:!e-  :Li:  rhe  uiivereir  statement  of  this  allied 
TcI-kzioTi:  iie:.  Ineir-icaKe  is  irif  niighi  fe^iu  in  so  simpk 
X  nurrer.  wis  dir^eotly  <s:nnuii:ctcd  by  exj^erimeiit.  I  Had 
^jrrjs:  r^'-nl  enrl-i-i^'tT  V?  ind  h-iw  every  oce  knew  this  to  bei 
tk^m\  'jZ^z  sedrcL  ri-^v  sIowm  the  aie  ftatement  (that  the 
ear:L'5  -Tin-spher,  ibif.ir^-e'i  dirk  heic  like  gias&j  repeated 
eTer^Trler^.  witi  i:<5*:'I::te'.y  nowLer^  any  oteervation  or  evi- 
de:i<^  -yiitever  :o  r-r»:  ve  ::,  :r:  eacl  writer  luotiiig  from  an 
earlier  ine.  til'.  I  -s-is  ilmctst  reicy  to  t^lieve  it  a  dogma  supe- 
ri-jr  t'>  rex=«:  z-  md  restini:  on  tne  well-known  -  Quw  9emper^ 
4*»i'>  r  •* :-»''.  * .  -  -  •/  • .  '-•  f  •  ^  '•./•??''.-•,  '."/^e/  Yv  n  ^4/."  Finally  I 
acT^or  t./  hive  t:cnd  its  sc-Tirv*  in  the  writings  of  Fourier, 
wn?.  ill-idi'i:  •-•>  I»e  Sins^nre's  experiments  •  which  showed 
TT\z  dirk  iieit  rsLSeei  w::L  o;  nir^iradTe  "iiffcclty  throng 
gLiae  I't^serre*  t^it  if  the  earti.**  annoi&phen?  were  solid,  H 
wv^d  i-r:  IS  tie  glise  d-i^es^  Fo^zrier  simply  takes  this  (in 
whici  ie  is  wr»:n4j  for  gnnted :  but,  is  he  is  an  authority  on 
the  the^irv  of  Lear.  Lis  words  are  repeated  without  criticism, 
nrsc  ':t  Piise^Mi.  tLen  bv  otLersv.  ind  then  in  the  text-books; 
and.  tie  stitenient  fining  weij?Lt  by  age,  it  comes  to  be  be* 
BeTeii  i':»>l:itely,  on  no  evidence  wLatever,  for  the  next  sixty 
yeazsw  that  o:ir  ami-.^spLere  is  a  p:>wertu:  ar^tc^rber  of  precisely 
those  rays  wnfeh  it  most  freely  transciits. 

The  -^nesti-r-n  of  fact  hece.  thoojeh  important,  is.  I  think, 
quite  secizndary  to  the  query  it  raises  ss  to  the  pc^sible  unsns- 


peece«i  indtienee  of  mere  tradition  in  science,  when  we  do  not 
recii-enlze  it  js  such.  Xow.  members  of  anv  church  are  doubt- 
less c»:-n5istent  in  believing  in  traditionsw  If  thev  believe  that 


dkic-n  Las  no  weight  i 

Li  even  this  i>rlet  sketch  of  the  growth  of  the  doctrine  of 
radiiiit  ener^,  we  Lave  perhaps  seen  that  the  historv  of  the 
pr:CT=se  of  this  deparmien:  of  scienv^  is  little  else'  than  a 
chaiHter  In  that  -anjer  history  of  human  errv.r  which  is  still  to 
be  wTttten.  xiid  which,  it  is  safe  to  say.  would  include  illustra- 
tiocs  fricL  other  branches  of  science,  is  well  as  mv  own.     But 


tUflS  tee  2r%a:est  icare  was  no  certain  ^uarantx  of  dual  accuracy ; 
diar  to  lal:.:  r  in  the  search  for  a  truth  witL*  such  endless  painfl 
m  a  =an  might  bestow  if  his  own  salvation  were  in  question, 
iSd  HOC  necesaniy  bring  the  truth ;  and  because,  seeking  tc 
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>  whether  this  were  the  lot  of  other  and  greater  men,  I  have 
and  that  it  was,  and  that,  though  no  one  was  altogether  for- 
ken  of  the  truth  he  sought,  or,  on  the  whole  review  of  his 
e  as  a  seeker,  but  might  believe  he  had  advanced  her  cause, 
it  there  was  no  absolute  criterion  by  which  it  could  be  told 
the  time,  whether,  when  after  long  waiting,  there  came  in 
ew  what  seemed  once  more  her  beautiful  face,  it  might  not 
)e8ibly  prove,  after  all,  the  mockery  of  error ;  and,  doubtless, 
)peal  might  be  made  to  the  experience  of  many  investigators 
jre  with  the  question,  "  Is  it  not  so  ?" 

What  then  %  Shall  we  admit  that  truth  is  onlv  to  be  surely 
und  under  the  guidance  of  an  infallible  church  «  If  there  be 
ch  a  church,  yes  1  Let  us,  however,  remember  that  the 
lurch  of  science  is  not  such  a  one,  and  be  ready  to  face  all 
e  consequences  of  the  knowledge  that  her  truths  are  put  f or- 
ard  by  her  as  provisional  only,  and  that  her  most  faithful 
lildren  are  welcome  to  disprove  them. 

What  then,  again  ?  Shjul  we  say  that  the  knowledge  of 
Dth  is  not  advancing }  It  is  advancing,  and  never  so  &st  as 
-day  ;  but  the  steps  of  its  advance  are  set  on  past  errors,  and 
e  new  truths  become  such  stepping-stones  in  turn. 
To  say  that  what  are  truths  to  one  generation  are  errors  to 
e  next,  or  that  truth  and  error  are  out  different  aspects  of 
e  same  thing  to  our  poor  human  nature,  may  be  to  utter  tru- 
118 ;  but  truisms  which  one  has  verified  for  one's  self  out  of  a 
rsonal  experience  are  apt  to  have  a  special  value  to  the 
mer ;  and  these  lead,  at  any  rate,  to  tne  natural  question. 
Where  is,  then,  the  evidence  that  we  are  advancing  in  reality, 
d  not  in  our  own  imagination  ?" 

There  are  manv  here  who  will  no  doubt  heartily  subscribe  to 
e  belief  that  tnere  is  no  absolute  criterion  of  truth  for  the 
iividnal,  and  admit  that  there  is  no  positive  guaranty  that 
J,  with  this  whole  generation  of  scientific  men,  may  not,  like 
r  predecessors,  at  times  go  the  wrong  way  in  a  bodv,  yet 
lo  believe  as  certainly  that  science  as  a  whole,  and  this 
anch  of  it  in  particular,  is  actually  advancing  with  hitherto 
[known  rapidity.  In  asking  to  be  included  m  this  number, 
;  me  add  that  to  me  the  criterion  of  this  advance  is  not  in 
y  ratiocination,  not  in  any  a  priori  truth,  still  less  in  the 
M^um  of  any  authority,  but  in  the  undoubted  observation 
it  our  doctrine  of  radiant  energy  is  reaching  out  in  every 
lection,  and  proving  itself  by  the  equally  undoubted  fact 
it  through  its  aid  nature  obeys  us  more  and  more  ;  proving 
jlf  by  such  material  evidence  as  is  found  in  the  electric 
\itQ  in  our  streets,  and  in  a  thousand  such  ways  which  I  need 
;  panse.  to  ennmerate 


k". 
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And  here  I  might  end,  hoping  that  there  may  be  someleB- 
sons  for  as  in  the  history  of  what  has  been  saia     I  will  ven- 
ture to  ask  attention  to  bat  one.    It  is  that  in  these  days,  vhet 
the  advantage  of  organization  is  so  fully  recognized,  whea 
there  is  a  well-founded  hope  that  by  cooperation  among  edeih 
tific  men  knowledge  may  be  more  rapidly  increased,  and  what 
not  only  in  the  great  scientific  departments  of  government  M 
every wnere,  there  is  a  tendency  to  the  formation  of  the  div» 
ions  of  a  sort  of  scientific  army,  not  to  say  of   a  sdentifie 
charch — that  at  such  a  time  we  should  yet  remember,  thit, 
however  rapidly  science  changes,  human  nature  remains  mndi 
the  same ;  and  (while  we  are  uttering  truisms)  let  us  ventan 
to  repeat  that  there  is  a  very  great  deal  of  this  *' human  natni^ 
even  in  the  scientific  man,  whose  best  type  is  one  nearly  is 
independent  as  nature  itself,  and  one  whidi  will  not  alwaji 
work  best  at  the  word  of  command.     Let  him  then  never  for- 
get that  the  history  of  science,  scarcely  less  than  of  theology, 
warns  him  of  the  tendency  of  authority  to  exceed  its  proper 
sphere^  and  from  without  it,  to  define  belief,  and  to  impose 
obedience  to  doctrine. 

Finally,  if,  turning  to  the  future,  I  were  asked  what  I 
thought  were  the  next  great  steps  to  be  taken  in  the  study  of 
radiant  heat,  I  should  feel  unwilling  to  attempt  to  look  more 
than  a  very  little  way  in  advance.  Immediately  before  ns, 
however,  there  is  one  great  problem  waiting  solution.  I  mean 
the  relation  between  temperature  and  radiation ;  for  we  know 
almost  nothing  of  this,  where  knowledge  would  ^ve  new  in- 
sight into  almost  every  operation  of  nature  (near^  every  one 
of  which  is  accompanied  by  the  radiation  or  reception  of  neat), 
and  would  enable  us  to  answer  in(^uiries  now  put  to  phvsicisti 
in  vain  by  every  department  of  science,  from  that  oi  tne  nat- 
uralist as  to  the  enigma  of  the  brief  radiation  of  the  glow- 
worm, to  that  of  the  geologist  who  asks  as  to  the  number  of 
million  years  required  K)r  the  cooling  of  a  world. 

When,  however,  we  begin  to  go  beyond  the  points  which 
seem,  like  this,  to  invite  our  very  next  steps  in  advance,  we 
cannot  venture  to  prophesy,  and  must  content  ourselves  with 
the  knowledge  that  through  our  study  we  are  beginning  to 
apprehend  the  full  meaning  of  one  of  the  early  great  ones  of 
science,  who  described  man  as  the  meeting  point  of  two  in- 
finities. That  there  is  an  infinity  of  space  above  him,  man 
has  long  known,  but  that  there* is  another  absolute  infinity,  and 
what  the  possibilities  are  which  lie  in  the  infinitesimals  of  space, 
he  is  but  beginning  to  realize.  The  secular  movements,  vmoee 
accomplishment  demands  more  than  a  million  years  of  time, 
he  has  already  considered ;  but  of  the  consequences  which  may 
result  from  a  more  careful  study  of  actions  occurring  in  the 
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initesimals  of  time,  and  whose  whole  duration  may  be  far 
fi  than  the  millionth  of  a  second,  he  has  hardly  even  jet  be- 
Ji  to  think ;  and  these  are  but  little  portions  of  the  un^am- 
3d  field  of  research,  open  to  the  stadent  of  that  radiant 
ergj  which  sustains,  with  our  own  being,  that  of  all  ani- 
ited  nature,  of  which  humanity  is  but  a  part 
If  there  be  any  students  of  nature  here,  who,  feeling  drawn 
labor  in  this  great  field  of  hers,  still  doubt  whether  there  is 
t  room,  surely  it  may  be  said  to  them,  *^  Yes,  just  as  much 
Dm  as  ever,  as  much  room  as  the  whole  earth  offered  to  the 
8t  man ;"  for  everything  that  has  been  done  in  the  past  is,  I 
lieve,  as  nothing  to  what  remains  before  us,  and  that  field  is 
nply  unbounded.  The  days  of  hardest  trial  and  incessant 
tWildering  error  in  which  your  elders  have  wrought,  seem 
'er.  You  "  in  happier  ages  bom,"  you  of  the  younger  and 
e  coming  race,  who  have  a  mind  to  enter  in  and  possess  it; 
ay,  as  the  last  word  here,  be  bidden  to  indulge  in  an  equally 
ibounded  hope. 


KT.  II. — DeacrvpUon  of  the  new  mineralj  BeryUonite  /  by 
Edward  S.  Dana  and  Horace  L.  Wblls.    With  Plate  I. 

In  the  October  number  of  this  Journal  a  preliminary  account 
as  eiven  by  one  of  us*  of  a  new  phospnate  of  sodium  and 
»y Ilium,  for  which  the  name  BeryUanite  was  proposed.  We 
uipose  now  to  give  a  more  complete  account  of  this  species, 
le  unusual  interest  of  which  has  been  developed  by  fuller 
nidy. 

Locality  and  occurrence. — The  first  specimens  of  beirllonite 
^ere  discovered  near  Stoneham,  Maine,  m  1886,  by  Mr.  sumner 
Udrews  of  Lawrence,  Massachusetts.  The  Stoneham  region 
B  already  well  known,t  having  afforded  fine  specimens  of 
iopaz,  phenacite,  herderite  and  many  other  species  of  ^eater 
>r  less  interest.  The  exact  locality  of  the  beryllonite  is  situ- 
ated in  th&  west  part  of  the  town  of  Stoneham  at  the  base 
of  a  small  but  steep  mountain,  known  as  the  McKean  moun- 
^Q.   At  this  spot,  work  was  carried  on:|:  sometime  since  in  the 

*BL  &  Dana,  this  Journal,  zzxvi,  290,  October,  1888;  the  ohemioal  work  of 
^c  present  paper  has  been  done  bj  H.  L.  Wells. 

tor.  George  F.  Eunz,  this  Journal,  xzy,  161,  1883,  xxvii,  212,  1884,  zzzvi, 
^^^1 1888.  W.  B.  Hidden,  zzyii,  73,  126,  1884.  Mr.  Eunz  has  sinoe  announced 
^^t  the  topaz  and  phenacite  locality  is  not  in  Stoneham  but  on  Bald  Face  Moun« 
^Qt  North  Chatham,  New  Hampshire,  just  across  the  State  line ;  this  is  6  or  7 
^eg  west  of  the  beryllonite  locality.  Herderite  and  topaz  are  found  on  Hamdon 
°^  BtoDeham,  about  4  miles  southwest  of  the  beryllonite  locality. 

t  By  )£r.  E.  D.  Andrews. 
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search  for  emoky  quartz  and  a  considerable  quantity  was  ob- 
tained, including  one  crystal  weighing  nearly  100  lbs.  The 
beryllonite,  however,  was  overlooKed,  being  not  unnatundlv 
taken  for  colorless  quartz. 

The  early  specimens,  like  those  which  have  been  obtained 
since,  were  found  either  detached  in  the  soil  or  occasionallT 
imbedded  in  a  loosely  coherent  brecciated  mass  obviously  not 
the  original  matrix.  The  material  in  which  the  crystak  and 
fragments  occur  has  evidently  been  derived  from  a  granitic 
vein,  fragments  of  partly  kaolinized  feldspar,  smoky  quartz 
crystals  and  other  species  to  be  mentioned  being  common. 
The  exploration  thus  far  carried  on,  however,  has  not  brought  i 
to  light  the  vein  in  an  unaltered  condition,  although  an  appar- 
ent vein  4  to  6  feet  wide  of  decomposed  material  has  oeen 
found.  The  country  rock  is  mica  schist,  which  has  been  met 
with  at  a  number  of  points  in  the  course  of  the  excavations. 

The  species  which  nave  been  obtained  from  the  same  spot 
associated  with  the  new  mineral,  and  which  probably  represent 
its  original  associates  in  the  vein  are  the  feldspars,  ortnoclage 
and  albite,  smoky  quartz  sometimes  in  large  crystals,  mica,  al8C» 
columbite,  cassiterite,  beryl,  apatite,  triplite.  The  crystals 
bear  evidence  of  having  been  implanted  upon  the  rock  on  one 
side  as  if  they  had  occurred  in  cavities  rather  than  completely 
embedded.  Some  specimens,  however,  retain  the  impressions 
of  surrounding  minerals,  probably  mica.  A  single  specimen  is 
implanted  upon  apatite  and  inclusions  of  apatite  have  been 
noted.  The  chemical  agencies  which  have  kaolinized  the  feld- 
spar have  also  left  their  mark  on  the  beryllonite  the  surfaces  of 
which  are  often  roughened  or  in  some  cases  delicately  etched. 

Crystalline  form. — The  specimens  in  hand  are  in  large  part 
fragments  of  crystals,  ranging  from  those  presenting  a  surface 
of  an  inch  or  two  square  and  weighing  40  to  50  grams  down  tjo 
the  size  of  a  pea.     W  ell  formed  crystals  are  rare  ;  the  largest  is 
somewhat  more  than  an  inch  across.    All  the  specimens  show  a 
highly  perfect  basal  cleavage  (<?),  yielding  easily  smooth  lustrous 
surfaces.     Exactly  at  right  angles  to  this  (measured  90®  0'  and 
89°  59 J')   is  a  second  cleavage  somewhat  interrupted  and  ob 
tained  with  a  little  diflSculty ;  the  third  pinacoidal  cleavage  is 
faintly  indicated  in  the  rectangular  form  of  some  of  the  brot^^ 
fragments,  and  a  fourth  cleavage  ie  sometimes  distinct  paraU^ 
to  a  prism  of  60°.     Twins  are  common  in  which  the  twinni^? 
plane  is  a  prism  also  of  sensibly  60°,*  but  it  is  found  that  tij' 
twinning  prism  and  the  cleavage  prism,  though  having  nea^* 

♦.When  the  preliminary  notice  was  written,  no  material  was  at  hand  allo^V 
of  exact  measurement  and  it  was  assumed  that  of  the  two  possible  twin t**^ 
planes,  the  one  present  was  probably  also  the  cleavage  prism ;  this  has  since  t7^ 
shown  not  to  be  the  case,  hence  the  change  of  position  here  adopted. 
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the  same  angle,  are  not  identical.  Of  the  two  positionB  sug- 
gested by  these  facts  it  has  seemed  best  to  follow  the  usage  in 
most  similar  cases  and  make  the  twinning  plane  the  unit  prism. 
Adopting  this,  the  second  cleavage  corresponds  to  the  macro- 
pinacoid  (a),  the  imperfect  pinacoidal  cleavage  is  brachydiago- 
nal  G>)  and  the  cleavage  prism  has  the  symbol  ISO  (t-3). 

The  material  at  hand  for  exact  measurement  is  very  scanty. 
With  very  few  exceptions  the  planes  have  lost  their  original 
luster,  and  give  no  reflections  at  all.  A  few  angles,  however, 
could  be  measured,  and  with  sufficient  exactness  to  yield  a 
satisfactory  axial  ratio.  For  fundamental  angles  the  following 
were  accepted : 

001  A  111  =  47"  61i',  001  A  021  =  47"  40^'. 

Each  of  these  is  the  mean  of  two  independent  angles  on 
different  crystals  of  equal  degrees  of*  accuracy,  not  involving  a 
probable  error  of  more  than  ±1' ;  these  are  : 

in*  61' and  iV  62',  also  47*  40'  and  47'  41'. 

The  axial  ratio  obtained  is : 

^  I 

A :  & :  e  =  0-67243 :  1 :  0'54901 ;  also  the  angles 
100  A  110  =  29®  47'  17',  001  ^  101  =  43"  48'  13',  001  ^  Oil  =  28"  46'  2'. 

The  measured  angles,  the  symmetry  in  arrangement  of  the 
planes  and  optical  characters  all  conform  to  the  orthorhombic 
system.  As  confirming  the  accuracy  of  these  elements  we 
have : 

Measured.  Calculated. 

021  A  021  =    84*  41'  84'  39' 

023  A  023  =  139'  46'  139*  48' 

100  A  130  =    69'  45'  Cleavage.  69"  47' 

On  two  crystals  the  angle  a^  was  measured  between  cleavage 
faces  and  the  result  120®  22'  obtained  in  each  case.  This 
would  give  as  twinning  plane,  if  coinciding  with  the  compo- 
sition plane,  the  angle  on  100  of  29°  49',  or  if  at  right  angles  to 
the  composition  face  60°  11'.  The  former  is  the  more  proba- 
ble relation  and  is  shown  to  be  the  true  one  by  the  fact  that 
the  calculated  angle  for  100  a  110  is  29°  47',  while  for  100.%  130 
it  is  59°  47'. 

In  habit  the  crystals  vary  from  short  prismatic  to  tabular,  as 
shown  in  figs.  1  to  6 ;  the  aspect  changes  considerably  with 
the  change  in  relative  size  of  the  pyramids ;  of  these  w  (121,  2-2) 
•  is  usually  most  prominent.  The  crystals  are  remarkable  for 
the  number  of  planes  which  they  present.  The  prismatic  and 
hrachydome  zones  are  both  highly  developed,  and  it  is  not 
uncommon  to  note  the  presence  of  eight  or  more  distinct 
planes  in  each  zone  on  a  single  crystal.     It  is  also  interesting 
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to  note  that  eleven  of  the  twelve  prismatic  planes  have  repre- 
sentatives in  the  brachydome  series,  and,  furthermore,  tliej 

have  nearly  equal  angles,  since  the  axes  a  and  o  have  approxi- 
mately the  same  length. 

Some  idea  of  the  complexity  of  the  form  may  be  gained 
from  fig.  8,  which  is  a  basal  projection  of  a  single  crystal  eim- 

51ified  by  the  omission  of  several  minnte  but  distinct  planea 
'he  prismatic  faces  are  often  narrow  and  by  their  oscillatory 
combination  produce  vertical  striations,  especially  on  a/  the 
faces  of  the  pyramid  v  also  show  sometimes  striations  naraOel 
to  the  edge  v/j.  The  list  of  planes  observed  is  given  below ; 
this  might  be  increased  if  it  were  thought  worth  while  to  in- 
clude a  number  of  forms  the  symbols  of  which  could  not  be 
determined  with  accuracy. 

a  (100,_t.i),  b  (010,  «),  c  (001,  0);  prisms  g  (410,  i4),  h  (310,  f-3),  <(210,i-2), 
j  (320,  i4)»  *»  (110,  /),  *  (230,  i-|),  I  {120,  i-S),  n(130,  i-S),  o(140,  i4),  ir(160,*-5), 

p  (160,  t-5),  q  (1120, 1-12);  macrodomes  d  (102,  i-i),  e  (101,  1-i),  /  (201,  2-i); 
bpachydomes  a  (014,  i-l),  0  (013,  H).  7  (012,  i-l),  d  (023,  f-l),  e  (Oil,  1-1),  C(03i, 
14),  J7  (021,  2-«),  ^  (031,  3-1),  «  (041,  4-1),  X  (061,  64),  /*  (061,  6-^0;  unit  pyramidi 
V»  (112,  i),  V  (111,  1),  5  (221,  2),  A  (331,  3) ;  macrp-pjrramids  .R  (411,  4-4) ;  u  {M 
1-S),  r  (211,  2-2),  7(421,  4-2);  brachy-pTramids  ^  (232,  1--),  <(231.  3--);  p(l23. 
f-2),  ;r  (122,  1-5),  w(121.  2-2);  cr  (132,  i-5),  x  (131,  3-3);  Q  (142,  24),  y(Ul. 
44);  z  (151,  5-5);  r  (163,  2-5),  «  (161,  6-6). 

It  will  be  noted  that  all  the  planes  have  very  simple  svmbolB) 
and  furthermore  they  are  so  tied  together  by  zones  that  the 
symbols  of  a  large  part  can  be  determined  without  measure- 
ment.   The  following  are  some  of  the  prominent  zones,  aftet 
the  pinacoidal  zones:  e  (101),  u  (212),  v  (111),  y  (232),  w  (12l)» 
X  (131),  y  (141),  2  (151),  a)  (161) ;  also  r  (211),  8  (221),  t  (231)  5 
again  (fi  (112),  y  (122),  <y  (132)  Q  (142) ;  again  m  (110),  t  (28l> 
^  (121),  (T  (132),  e  (Oil);  again  I  (120),  a?  (131),  ^(142),  ^ 
(Oil)  and  others. 

It  is  not  thought  worth  while  to  give  all  the  measurements 
by  which  the  planes  were  determined,  since  a  greater  accurac^^ 
than  30'  or  1**  could  in  few  cases  be  attained.  For  example 
in  the  brachydome  zone  we  obtained  :  ca  =  8°,  cfi  =  10** -j 
cr  =  15°i,  cd  =  21^  €9  =  29^  <  =  39^  c^  =  47°  41*',  ctf =59 
ex  =  65**  30',  cX  =  70%  c/i  =  73^-74^ 

The  important  calculated  angles  for  the  planes  observed 
given  in  the  following  table  : 
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a,  100    6,  010    c,  001 


8** 
10° 
16" 
20** 
29' 
40' 
48** 
59' 
66' 
70" 
73" 


9' 
48' 
68' 
63' 
47' 
39' 
62' 
47' 
24i' 
44i' 
46' 
•0  81'  43' 


64*  23' 
46**  12' 
27"  32' 

90" 
90  ** 
90' 
90^ 
90* 
90** 
90' 
90' 
90' 
90' 
90" 


81*'  61' 
79"  12' 
74"  2' 
69"  7' 
60"  13' 
49"  21' 
41"  8' 
30"  13' 
23"  36i' 
19"  16i' 
16"  14' 
8"  17' 

90" 
90" 
90" 

82"  11' 

79"  38' 

74"  39' 

69"  64' 

61"  14' 

60"  32' 

42"  19i'  ♦47"  40i' 

31'  16'   68"  44' 

24"  29'   '66'  31' 

20"  1'    69"  69' 

16"  63'   73*  7' 


90" 
90" 
90" 
90" 
90" 
90" 
90" 
90" 
90" 
90" 
90" 
90" 

26"  37' 
43"  48' 
62"  28' 

7"  49' 
10"  22' 
16*  21' 
20"  6' 
28"  46' 
39*  28' 


V,  112 


a,  100 
66"  11' 


A, 

Ill 

221 
331 

49"  67' 
37"  46' 
33"  49' 

R. 

411 

16"  34' 

212 
211 
421 

47"  14' 
30"44i' 
21"  lO' 

232 
231 

63"  29' 

46"  8' 

Pi 

123 
122 
121 

73"  17' 
67"  12' 
67"  9' 

0, 

132 
131 

69"  41' 
63"  32' 

ft 

142 
141 

72"  6' 
68"  19' 

2, 

161 

71"  60' 

1-, 

163 
161 

77"  61' 
74"  26' 

h,  010 

76*6' 

68"  23' 
63' 6' 
61*  36' 

82"  V 

78"  48' 
76"  46' 
74"  31' 

69"  16i' 
62"  48' 

70"  47' 
63"  40' 
61"  36' 

63"  24' 
40"  4' 

46"  17' 
32"  16' 


26"  47'   71"  1 


c,  001 

28"  66' 

♦47"  61i' 
65"  39' 
73"  13' 

76*  32' 

44"  66' 

63"  23' 
76"  46' 

61"  39' 
68"  26' 

26"  66' 
36"  6' 
66"  33' 

43"  37' 
62*  19' 

60*9' 
67"  21' 
«  1/ 


43*  46' 
22"  49' 


43"  60' 
73"  46' 


nns. — The  existence  of  contact  twins  with  m  (110)  as  the 
ling  plane  has  already  been  noted.  These  have  aa=120^ 
neasnred  120°  22',  also  J  ft  =  59*^  85'.  These  twins  are 
ion  and  lead  to  many  interesting  variations  in  the  form, 
sal  projection  of  one  twin  is  given  in  fignre  5.  Repeated 
ling  is  not  nncommon ;  in  several  cases  a  large  crystal 
was  observed  having  its  edge  formed  of  highly  momfied 
il  crystals  in  successive  twinning  position  ;  some  of  these 
!6t  crystals  of  bonrnonite  in  aspect.  In  a  single  case 
t  of  a  stellate  form  was  noted  which  is  idealized  in  fiff.  7. 
s  too  imperfect  to  allow  of  determining  the  exact  method 
onping,  but  the  presence  of  a  six-rayed  star  was  clear. 
I  twins  are  remarkable  among  similar  pseudohexagonal 
\  because  the  variation  from  the  required  60®  is  so  smalL* 
neral  physical  cha/racters. — The  cleavages  already  noted 
highly  perfect  parallel  to  o;  less  perfect  and  interrupted 
lei  to  ay  still  less  distinct  parallel  to  n  (130),  and  famtly 
ated  parallel  to  h.  The  fracture  is  venr  perfect  con- 
.al,  yielding  lustrous  surfaces  suggestive  oi  glassy  quartz. 

the  preliminary  notice  mention  was  made  of  an  apparent  penetration  twin 
pyramid)  inclined  on  e  nearly  60",  as  twinning  plane.  The  exact  measured 
sg  is  61*  40',  giving  as  the  angle  of  the  supposed  twinning  plane  on  c  either 
'  or  30"  60' ;  as  tiiese  do  not  correspond  to  any  occurring  pyramid,  the 
eoce  is  probably  accidental. 
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Hardness  5*5-6.  Specific  gravity =2 '845.  Luster  vitreous 
and  brilliant,  but  on  a  natural  basal  fac^  {c)  sometimes  pearir. 
Colorless  to  white  or  slightly  yellowish  when  not  perfectly 
clear.     Transparent. 

Optical  characters. — The  axes  of  elasticity  coincide  in  position 
with-  the  crystal  lographic  axes.  The  axial  plane  is  parallel  to  a 
and  the  acute  bisectrix  normal  to  c^  so  that  a  cleavage  fragment 
shows  the  axes  on  the  border  of  the  field  of  the  polariscope.  The 
dispersion  is  small,  f)<v.  The  double  refraction  is  negative, 
in  other  words  a  is  the  bisectrix.  Sections*  cut  normal  to  the 
bisectrices  gave  the  following  for  the  axial  angles  : 


Also 


Red  (Li) 

Yellow  (Na) 

Green  (Tl) 

2E 

120"  26' 

121*  1' 

121"  24' 

2^, 

72"  35' 

72"  47' 

73"  01' 

2  H 

0 

125"  13' 

124*  59' 

• 
124"  30' 

Also  2 v., =67°  34'. 


V 


« 

A  prism  afforded  by  a  crystal  whose  edge  was  parallel  to  the 
axis  a  and  whose  faces  were  formed  by  the  planes  d  (023)  gave 
tolerable  values  of  two  of  the  refractive  indices ;  the  faces, 
however,  were  not  quite  smooth,  so  that  no  very  high  degree 
of  accuracy  can  be  claimed  for  them.  The  results  for  yeUow 
(Na)  are  :  /9=1*5580,  and  ;'=1'5630.  Another  prism  was  ob- 
tained having  the  same  edge  but  the  faces  did  not  make  quite 

equal  angles,  as  was  intended,  with  the  axis  6,  which  should 
have  bisected  the  prismatic  edge  {  the  values  of  j9  are,  there- 
fore, fairly  good,  while  those  of  y  are  somewhat  too  small- 

Another  prism  with  an  edge  just  parallel  to  the  axis  c  gave 
good  values  of  the  index  a. 


Red  (Li) 

Yellow  (Na) 

Green  (Tl) 

a 

1-5492 

1-5520 

1-5544 

P 

1-5550 

1-5579 

1-5604 

y 

1  -6604 

1-5608 

1-5636 

It  will  be  seen  from  these  results  that  the  refractive  poW^^ 
of  the  mineral  is  not  especially  high,  varying  but  little  froi^ 
that  of  quartz,  which  has  a)  =  1-5442,  €  =  1-5533  for  Na. 

Etchings, — It  has  already  been  remarked  that  the  crystallix^^ 
faces  are  almost  always  dull,  and  in  some  cases  show  natui*^ 
etching  figures  as  the  result  of  the  action  of  some  solvent  upo^ 
them.     These  figures  have  often  great  regularity  and  beau^^J 

*  The  sections  and  optical  preparations  used  in  our  work  were  made  for  as  7>^^ 
satisfactonly  bv  Mr.  H.  Uonsoldt.  School  of  Mines,  Columbia  CoUeare,  New  To^' 
City. 
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and  merit  a  more  detailed  studv  than  our  limited  time  has 

Cmiitted  U8  to  give  them.  They  are  moat  distinct  on  tho 
lal  plane,  where  they  appear  as  nearly  square  deprosaions 
closely  crowded  together,  at  first  sight  suggesting  tetragonal 
symmetry.  Figure  12  will  give  some  idea  of  the  appearanc^o 
of  a  ])ortion  of  the  surface ;  in  sonie  cases  these  ])ittings  run 
across  the  Imsal  face  in  diagonal  linea  A  more  careful  exami- 
nation shows  that  while  sciuare  or  nearlv  so  in  outline  the  sym- 
metry is  rhombic.  The  little  pits  are  hounded  within  by  two 
surfaces  in  the  zone  be^  making  an  angle  of  22"^  with  ('ach 
other,  and  in  the  zone  ao  the  prominent  surfaces  ai*e  incliniMl 
about  11°,  while  occasionally  other  deeper  faces  inclined  21° 
are  also  noted.  The  angles  can  bo  only  roughly  measured,  but 
they  suggest  018(^)  aiul  I'O-IO,  105  as  probaole  symbols  for  the 
faces  in  question.  The  planes  in  the  two  series  of  domes  also 
*how  at  times  distinct  etching,  figures,  especially  fl(lOl)and 
t(<UlV  but  the  fonn  is  loss  distinct,  tlumgh  in  general  acute 
trowoUhaped  with  the  vertex  pointed  upward.  In  some  cases 
those  on  c  appear  to  vary  aliglitly  from  the  symmetry  about 

tho  plane  of  the  axes  ^o  which  the  crystallographic  relations  of 
the  form  demands.  The  h  faces  often  show  longitudinal  fig- 
ures ( (t  o)  and  others  transverse,  but  their  form  is  not  distinct ; 
this  is  also  true  to  some  extent  of  the  prismatic  faces.  The 
other  planee  are  almost  always  slightly  roughened,  but  distinct 
fiffores  are  not  often  to  be  made  out.  >f<)t  infreiiuently  the 
^vent  action  on  the  crystals  has  gone  so  far  as  to  leave  only 
rounded  angles  with  indistinct  planes. 

Ind\mon9. — Another  interesting  feature  of  this  mineral  is 
the  presence  vf  great  numbers  of  fluid  inclusions.  A  superti- 
^^  examination  shows  the  common  existence  of  a  columnar 
structure  normal  to  the  cleavage  plane.  This  is  seen  in  thin 
^tions  to  be  due  to  great  numbers  of  slender  canals  parallel 
to  the  vertical  axis.  In  some  cases  these  seem  to  be  hollow 
^J"  tilled  with  earthy  matter,  but  in  others  they  appear  as 
Anid  cavities  with  long  bubbles.  These  vertical  canals  and 
fluid  cavities  are  often  thickly  crowded  together,  sometimes 
extending  from  base  to  base  and  again  starting  from  a  sharply 
defined  plane  within  the  crystal  mrallel  to  the  base.  The 
forms  of  some  of  these  are  shown  m  iig.  9  (XiW).  Not  infre- 
quently, instead  of  a  long  cavity,  we  have  a  line  of  them  present 
ftll  lying  in  the  same  direction.  Besides  these  regular  cavities 
tbere  are  also  groups  of  iine  parallel  or  wavy  lines  inclined 
Aarply  to  0  anagivmg  rise  to  a  pecnliar  sheen ;  these  are  prob- 
^b  aho  hollow  oanala 

There  are,  further,  multitudes  of  other  fluid  cavities,  often  so 
small  as  to  require  a  high  [)ower  of  the  microscope,  either 
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crowded  together  on  an  irregalar  wavy  surface  paasing  throng^ 
a  crystal  after  the  manner  bo  common  in  amoky  quarts,  or 
again  more  or  less  regularly  orientated,  parallel  to  the  verticil 
axis  or  inclined  to  it  in  Imes  of  45^  or  30^.  The  last  be- 
comes a  Y-shaped  arrangement  of  the  minute  inelnsioDfl  m 
some  restricted  areas,  as  is  shown  in  figure  10.  Figure  IS 
shows  the  nsnal  arrangement  and  common  forms  of  the  cavitieB 
(X90^.  As  a  rule  these  cavities,  even  the  smalleet,  oontais 
each  its  own  bubble,  and  verv  frequently  two  bubbles  are  noted 
(cf.  fig.  11)  often  of  nearly  the  same  size.  This  fact,  the  dinp- 
pearance  of  the  second  bubble  with  slight  rise  in  temperature, 
and  further  the  presence  or  absence  of  a  broad  dark  nm  to  tbe 
bubble  show  the  nature  of  the  liquids  and  gasee  present  hi 
many  of  the  cases  wo  have  water  with  liquid  carbon  dioxide, 
and  frequentlv  also  within  this  carbon  dioxide  gaa.  Occaaioii- 
ally  the  Dubble  appears  to  be  air  in  water,  and  more  rarely  die 
cavity  is  partially  nlled  with  a  liquid  (00,)  wUch  does  not  wek 
its  sides.  Solid  inclusions,  sometimes  macroscopic,  are  also 
noted. 

Chemical  examination, — Qualitative  tests  showed  that  the 
mineral  is  slowly  but  completely  soluble  in  acids ;  that  it  is  in 
anhydrous  phosphate  of  sodium  and  beryllium  containing  no 
other  acids  and  bases,  and  especially  careful  tests  proved  the 
absence  of  fluorine,  aluminum,  potassium  and  lithium.  Befoie 
the  blowpipe  it  decrepitates  and  fuses  about  3  to  a  somewhat 
clouded  glass,  coloring  the  flame  deep  yellow  with  a  tinge  of 
green  on  the  lower  edge. 

A  quantitative  analysis  gave  the  following  results : 


I.       n. 

lU. 

IV.        V.        VI. 

OAloalated  f or 
Mean.               Batio.    NaDePO«. 

P.O.,    66-09    65-66 

55-84 



56-86H-142-=-392=rl-     66-8t 

BeO,      ....    19-87 

19-85 

19-81     

19-84-*-25-2=-787=2-     19-81 

Na.O,    



....    23-68    23-69 

23-64-I-62'  =r-381s»I-     24-3T 

Ign.,       ....      0-07 

0-09 

....     ....     .... 

0-08 

99-42  100H)0 


It  is  eWdent  from  this  analysis  that  the  mineral  has  the  com- 
position represented  by  the  formula  Na,0  .  2BeO  •  P,0,  or 
NaBePO,. 

Method  of  analyaia. — In  I  the  P,0,  was  determined  by  the 
molybdic  method  in  a  sample  of  about  0*5  ot.     The  other  fiv©  I 
samples  were  of  about  1  |^ram  each.     In  11,  III  and  IV  tlie  \ 
substance  was  fused  with  Na,CO,  and,  after  treating  the  m®^ 
with  water,  the  BeO  was  filtered  off  and  weighed,  while  in  ^ 
and  III  the  P,0,  in  the  filtrates  was  determined  by  the  u0^^ 
method.*    A  trace  of  P,0,  amounting  to  017  per  cent 

*  This  method  for  separating  BeO  and  PaOt  was  used  by  Penfleld  and 
in  their  analysis  of  herderite :  this  Journal  HI,  vol  xxzii,  p.  107. 
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[naiiied  in  the  BeO  of  III.  which  was  carefully  determined  by 
the  molybdic  method  and  a  correction  made  for  it.  The  pu- 
rity of  the  weighed  BeO  was  shown  by  dissolving  that  obtained 
Erom  n  in  HCl,  evaporating  ofi  the  eifcess  of  acid,  dissolving 
the  residue  in  the  least  possible  amotmt  of  pure  NaOH  solu- 
tion and  precipitating  the  BeO  by  diluting  largely  and  boiling; 
the  BeO  obtamed  in  this  way  amounted  to  19'81  per  cent,  an 
amount  practically  identical  with  the  original  weight. 

For  the  determination  of  Na.O  in  V  and  YI  the  mineral 
was  dissolved  in  HCl,  P,Oe  and  BeO  were  separated  by  the 
Dsual  methods  and  the  metal  was  weighed  as  chloride ;  the 
results  are  probably  about  0*7  per  cent  too  low  on  account  of 
Ae  difficulty  of  washing  some  of  the  precipitates. 

Relations  to  other  species. — As  has  been  shown  above,  the 
general  formula  of  beryllonite  is  analogous  to  that  of  triphylite 
ind  liihiophilite,  viz : 

Beryllonlta.  TrlptayUte-UthloplUllto. 

NaBePO«  Li(Fe,Mn)P0«. 

There  does  not  appear,  however,  to  be  as  close  a  relation  be- 
tween the  forms  as  might  be  expected,  although  our  knowledge 
of  triphylite*  in  this  respect  is  scanty.  The  two  minerals  are 
alike  in  having  two  pinacoidal  cleavages,  but  the  third  pris- 
matic cleavage  of  triphylite  has  an  anele  of  about  47^  The 
vertical  axes,  however,  are  nearly  equfd.     The  axial  ratios  are 

Triphjlito dil :  esBO-4348  :  1 :  0*5266      001  ^ On  =  27'  46' 

BeryUoDite..  .A  :7 :  es:0*6724 :  1 :  0-6490      001  a  Oil  »  28*  46' 

The  optical  relationsf  are  different  except  as  regards  the 
aze  of  tne  axial  angle,  for  which  we  have  2H^r  =  74^  45' 
triphylite  and  72°  36'  beryllonite. 

A  closer  relation  seems  to  exist  to  the  only  other  phosphate 
in  which  beiyllium  is  known  to  exist,  that  is  herdente.  This 
lias  the  composition  (CaF)BeP04  in  which  the  univalent  group 
CaF  (partly  replaced  by  CaOH)  corresponds  to  the  sodium  of 
the  beryllonite.  In  form  the  two  minerals  are  apparently 
related. 
Thus  we  have 

Herd«rlte.  Beryllonlt*. 

i  110 ..  Il0=63*  39'  110  ^  llOsssSS"  34' 

001.^011=22*6r  001  .V  023=20' 61' 

001  ^  031=61*  43'  001  A  021=41'  41' 

001  ^  331=6f  27'  001  ^  221=65"  39' 

001^362=68'  30'  001  ^  121=55"  33' 

*Gf.  Tachermak,  Ber.  Ak.  Wien,  xlvii,  282,  1863,  and  J.  D.  Dana,  this  Journal, 
^4  100, 1861. 
jOt  Bruah  and  Dana,  this  Journal,  xyi,  118,  1878. 
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Also 

Herderite a  :  6  :  |  c  =  06206  :  1  :  0*6352 

Beryllomie...<l:  T:  c    =  0*5724  :  1  :  0*5490 

The  optical  relations  do  not  correspond  very  closely  excral 
in  the  size  of  the  axial  angle,  for  which  we  have  in  nerd^ 
2Ha.r  =  72°  12'  Dx.  The  refractive  power  of  beryllonite « 
a  little  lower  than  that  of  herderite  (/9=l-6).  It  is  oertiialT 
most  interesting  that  these  two  beryllium  phosphates  shooW 
be  found  within  a  few  miles  of  each  other,  and  that  the  Buae 
region  should  have  yielded  the  rare  beryllium  silicate  pkem- 
cite. 

In  conclusion  we  would  express  our  high  appreciation  d 
the  liberality  of  Mr.  Sumner  Andrews,  of  Lawrence,  Ibfti 
his  brother,  Mr.  Charles  G.  Andrews^  and  Mr.  Lorin  Menill 
who  have  placed  in  our  hands  all  the  best  material  for  study  rf 
this  rare  and  beautiful  mineral.  Without  this  it  would  iMJt 
have  been  possible  to  have  made  our  investigation  with  tb» 
completeness'that  the  interest  of  the  subject  has  made  it  merit 


Art.  III. — The  Irf>n  Ores  of  the  Penokee-Gogebic  Series  (/ 
Michigan  and  Wisconsin;  by  C.  B.  Van  HiSR.  Wiui 
Plate  II. 

[Published  by  permiBsion  of  the  Director  of  the  U.  S.  GeoL  Surrey.] 

The  Penokee-Gogebic  Series  runs  nearly  continnonsly  froo 
the  vicinity  of  Numakagon  Lake,  T.  44  N.,  R  6  W.,  wis.,ta 
Gogebic  Lake,  T.  47  N.,  R.  42  W.,  Mich.,  a  distance  of  mow 
than  80  miles.  The  west  part  of  this  belt  was  first  fnDf 
described  by  Professor  R.  JD.  Irving,  and  Mr.  Charles  i 
Wright.*  A  general  account  of  the  Kange  has  been  given  by 
President  Chamberlin.f  Other  papers  have  also  been  pub- 
lished in  this  Journal,  which  have  from  various  standpoinll 
treated  particular  questions  in  reference  to  this  region4  ft 
will,  however,  be  necessary  here  to  give  very  briefly  its  straol- 

♦  Geology  of  Wisconsin,  vol.  iii,  1880,  Part  III,  pp.  100-167,  The  Hnrcmiii 
System,  by  R.  D.  Irving;  Part  IV,  pp.  239-301,  The  Huroniaa  Series  west  ol 
Penokee  Gap,  by  C.  E.  Wright. 

f  Geology  of  Wisconsin,  vol.  i,  1883,  pp.  80-94,  The  Huronian  Age,  bjT.  OL 
Chamberlia. 

X  This  Journal,  III,  vol.  xxix,  pp.  237-245,  Divisibility  of  the  Ardisaan  in  the 
Northwest,  by  R.  D.  Irving.  Vol  xxxi,  pp.  453-469,  Upon  the  Origin  of  tin 
mica-schists  and  black  mica-slates  of  the  Penokee-Gogebic  iron-bearing  aeries: 
by  C.  R.  Van  Hise.  Vol.  xxxii,  pp.  263-265,  Origin  of  the  ferruginous  s^iatssna 
iron  ores  of  the  Lake  Superior  region,  by  R.  D.  Irving ;  Vol.  xxziv,  pp.  '267-869^ 
Is  there  a  Huronian  Group?  by  R.  D.  Irving. 
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as  a  whole  before  considering  the  subject  of  this  paper. 
3  series  of  rocks  runs  across  the  country  in  an  approx- 
itely  east  and  west  direction,  the  general  trend  being 
lewhat  north  of  east.  It  is  a  simple  series,  which  has  been 
ed  to  the  north  at  an  angle  of  from  60°  to  80°.     It  contains 

subordinate  folds,  and  thus  the  succession  of  belts  is 
ily  made  out;  one  following  above  the  other  in  perfect 
iformity.  The  series  rests  upon  a  complex  of  granite, 
ass,    and    various    green    schists.      It  is  overlain  by  the 

rtives  of  the  Keweenaw  Series.  In  our  new  mapping  it 
be  divided  into  four  belts  (see  fig.  1),  the  principle  of 
ision  being  a  fragmental  or  non-fragmental  character.  At 
I  base  of  the  series  is  a  cherty  limestone-member  which,  in 
)  place,  is  as  much  as  300  feet  thick,  and  which  varies  from 
B  to  disappearance.  The  second  member  is  a  feldspathic 
irtz-slate.  On  the  average  it  is  from  300  to  400  feet  thick, 
1  is  composed  of  green,  red  and  brown  fragmental  slates 
ich  contain  a  good  deal  of  clayey  matter.  The  upper  part 
this  fragmental  member  is  a  pure  vitreous  quartzite,  the 
[oration  of  which  has  been  due  to  the  enlargement  of  the 
irtz-grains  originally  deposited  as  a  sandstone.*  The 
r\  member  of  the  series  is  a  belt  of  non-fragmental  sedi- 
nte,  about  800  feet  thick,  which  is  known  as  the  iron- 
iring  member  from  the  fact  that  all  the  known  ore-bodies 
1  heavily  ferruginous  rocks  occur  within  it.  The  upper- 
8t  member  of  the  series  is  a  thick  layer  of  greywacxes, 
if wackeslates,  and  mica-schists  and  slates.  This  member  is 
end  times  as  thick  as  the  three  lower  combined,  but  in  its 
9Qtial  fragmental  character  it  is  to  be  considered  as  a  unit 
the  series. 

rhe  origin  of  the  ferruginous  rocks  and  ores  of  the  iron- 
ring  member  has  been  considered  in  a  general  way  in  a 
►er  by  Professor  Irving  already  referred  to.  The  funda- 
atal  conclusion  of  that  paper  has  been  borne  out  by  our 
T  investigations,  i.  e.  that  the  original  rock  of  the  iron- 
ring  formation  is  a  cherty  iron  carbonate,!  from  which  the 
ions  phases  of  rock  and  the  ofe  found  in  it  have  been  pro- 
ed  by  a  complex  series  of  alterations. 
'he  principal  phases  of  rock  in  that  part  of  the  forma- 
L  in  which  the  ore-deposits  occur,  aside  from  the  cherty 
K>nate,  are  heavily  ferruginous  regularly  banded  slates, 
xsiated  and  concretionary  ferruginous  cherts,  and  the  ore- 

3aU.  U.  S.  Geol.  Survey,  No.  8.     Upon  the  Secondary  Enlargement  of  Min- 
PVagments  in  Oertain  Rocks;  by  11.  D.  Irving  and  C.  R.  Van  Hise. 
!%e  origin  of  this  cherty  iron  carbonate  is  a  question  of  great  interest,  but  one 
ti  it  would  take  an  article  of  some  length  to  discuss,  so  this  rock  is  taken  as 
rting  point 

I.  JouB.  Sol— Third  Seeibs,  Vol.  XXXVII,  No.  217.— Jan.,  1889. 
8 
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bodies.     Tlie  carbonate  has  proved  to  be  far  more  abnndiot 
than  was  supposed  when  the  paper  alluded  to  was  written,  ind 


t 


horizons.  In  this  paper  I  have  not  space  to  add  anything  fnr- 
tlier  to  what  Professor  Irving  has  said  as  to  the  particolir 
proccHWjH  by  which  the  different  phases  of  rock,  aside  from  the 
orf5H,  have  Ixjen  produced. 

/^oftliloji  of  tfu'  ore  in  the  ironhearing  member. The  iron- 

on?H  anj  all  located,  as  far  as  known  at  present,  in  that  partol 
thij  iron-bearing  formation  between  Sec.  33,  T.  45  N.  RlW., 
Win.,  an<l  the  eiwt  line  of  T.  47  N.,  R.  45  W.,  Mich.,  a  d» 
ranc<?  of  about  ;J0  niilea  The  greater  number  of  the  larwf 
d<7poMitH  are  found  in  the  central  half  of  this  area.  Also  mot 
of  tli<?  known  deposits  lie  at  the  base,  or  very  near  the  baaed 
ih«j  iron-hearing  member ;  that  is,  they  rest  upon  or  close  to  tbB 
f^;arw!^rained  fragmental  quartzite  which  constitutes  the  up* 
pirrrnoht.  horizon  of  the  quartz-slates.  The  number  of  impu^ 
\.M\\.  mineH  iH  about  28,  and  of  these  all  have  deposits  upon  the 
fra^inental  miartzite  except  five,  and  three  of  these,  sitotted 
ithmI  of  Kurulay  liake,  at  the  eastern  extremity  of  the  belt  <rf 
rriineH,  liav<i  exeeptioruil  characteristics  which  exclude  them  from 
th^?  [ireHeiit  diseuHBion.  It  is  true  that  three  other  mines  htw 
alHo  defKmitH  whic^h  are  north  of  the  fragmental  quartzite;  bot 
in  one  chwj,  that  of  the  Colby  Mine  (tig.  4),  the  two  ore-bodiei 
have  Ixien  shown  by  developments  to  have  such  connections « 
to  f»how  that  they  are  essentially  a  single  deposit.  It  is  not 
meant  to  iiii|)Iy  that  the  numerous  deposits  resting  upon  the 
f(iof.-wall  quartzite  have  clean  ore  always  in  contact  with  it 
Quite  oft(}n  thc^re  is  a  layer  of  what  the  miners  denominate 
"paint  rock,"  or  a  layer  of  sand  rock  between  the  qnartsita 
and  the  ore.  This  latter  material  is  sometimes  as  much  as  83 
feet  in  thickness,  although  it  is  usually  not  more  than  a  few 
inches,  or  at  mbst  a  few  feet.  Sometimes  also  there  is,  be- 
tw(;en  the  ore  and  the  quartzite,  a  mass  of  greater  or  leas  thid[- 
ness  of  the  ferruginous  chert  or  mixed  ore  of  the  minen; 
rarely  a  thin  layer  of  nearly  pure  white  chert  is  found  between 
the  ore  and  quartzite.  Notwithstanding  these  exceptions,  the 
south  side  of  the  ore  never  penetrates  the  quartzite  and  in  i 
general  way  follows  it,  so  that  it  may  be  spoken  of  as  resting 
upon  it  This  quartzite,  although  subject  to  local  variations, 
has  an  average  dip  to  the  north  of  60^  to  70°,  and  thus  ftff- 
nishes  an  approximately  regular  wall,  north  of  which  the  ore 
lies,  and  is  consequently  called  the  foot-wall  by  the  minem 
The  few  deposits  north  of  the  foot-wall  quartzite  are  described 
by  Mr.  J.  Parke  Channing  as  also  having  regular  south  walb 
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^rhich  dip  with  the  formation  and  are  known  as  foot-walls. 
Whether  the  ore-deposits  rest  upon  the  fragmental  quartzite  or 
%x^  north  of  it,  they  have  then  as  their  southern  boundaries  a 
plane  dipping  to  the  north  at  an  angle  of  60"*  to  70°. 

Jh/kes  in  the  ironbearingi  meiMer, — Mining  developments 
biave  shown  that  the  iron-bearing  member  is  cut  by  numerous 
BTeenstones,  the  presence  of  which  would  not  have  been  sus- 
pected from  natural  exposures.  These  greenstones  are  much 
^tered ;  many  of  them  are  so  decomposed  as  to  be  soft  friable 
XKiatter  which  can  be  picked  to  pieces  with  the  fingers,  and 
'^hich  now  contain  none  of  the  original  minerals  which  com- 
X^oee  ordinary  basic  eruptives.  They  retain,  however,  dis- 
tinctly their  diabasic  structure,  and  occasionally  can  be  traced 
Mato  comparatively  unaltered  phases  which  are  true  diorites. 
*.M7hese  altered  greenstones  are  Known  to  the  miners,  either  as 
^oapeitones,  or  as  diorite  dykes.  That  they  are  dykes  is  mani- 
fest from  their  shape,  and  the  way  in  which  they  cut  across 
"tte  layers  of  the  iron-bearing  member  being  traced  at  times 
into  the  foot-wall  quartzite.  This  dyke-like  character  is  well 
•bown  by  figs.  2  to  7.  The  association  of  the  ores  and  these 
-  ^M>ap6tone8  was  found  to  be  so  constant,  that  Mr.  J.  Parke 
I  Cihanning,  Inspector  of  Mines  for  Gogebic  County,  Mich., 
i  ^vaa  secured  to  work  out  the  relation  of  the  ore-bodies  and 
t^ke-rocks.  What  follows  as  to  the  position  of  the  dykes 
?  tiemaelves,  and  as  to  the  position  of  the  ore-bodies  with  refer- 
V  «ice  to  them,  is  wholly  the  result  of  data  furnished  by  his  in- 
\  "^estigations. 

rThe  position  of  the  dykes  is  given  with  reference  to  the  iron 
^  ^Affmation  in  which  they  occur.     This  formation  has  a  northern 
^p  and  a  general  east  and  west  strike.     As  used  in  reference 
L  "to  the  dykes,  an  east  and  west  direction  means  parallel  with 
r-  Hie  iron  formation,  a  north  and  south  direction  transverse  to  it 
|.  ^le  important  thing  for  the  present  purpose,  is  not  the  abso- 
lute direction  in  which  the  dykes  run,  but  their  relations  to  the 
containing  formations.     The  dykes  vary  a  good  deal  in  their 
liip  and  strike  in  different  mines,  and  the  same  dyke  at  times 
in  the  same  mine  also  varies  in   dip   and  strike.     However, 
tertain    of   their  elements  are   quite  constant.      The  dykes 
llways  dip  to  the  south,  and  generally  the  southern  dip,  or  its 
component  transverse  to  the  formation,  is  from  20°  to  30°. 
The  northern  dip  of  the  iron  formation  has  been  said  to  be 
fit)m  Wf  to  70°.    It  follows  from  this^  that  if  the  stratified 
^   rodks  were  placed  again  in  a  horizontal  position^  the  dykes 
r  wndd  he  vertical.    The  true  dip  of  the  dykes  is  usually,  how- 
ever, not  exactly  transverse  to  the  formation,  but  east  of  it ;  so 
that  a  component  along  the  dykes,  parallel  to  the  strike  of  the 
rocks,  has  usually  an  eastern  pitch  (figs.  2  and  5).     This  pitch 
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may  be  as  high  as  35^.  From  this  amount  it  varies  to  hori- 
zontality,  or  even  to  a  western  pitch  of  10°.  The  position  of 
these  dykes  with  reference  to  the  foot-wall  quartzite  will  be 
better  understood  by  figs.  2  to  8. 

The  thickness  of  the  dykes  varies  greatly,  running  from 
those  of  but  a  few  inches  in  thickness,  to  those  nearly  90  feet 
thick,  fig.  4.  In  most  of  the  mines  in  which  the  ore-depooti 
are  of  any  magnitude  the  dykes  are  six  feet  or  more  is 
thickness  ;  while  it  is  noticeable  that  the  three  kigeit 
mines  have  dykes  of  considerable  thickness.  At  least  oae 
dyke  has  been  found  in  connection  with  every  depoot 
west  of  .Sunday  Lake,  with  the  single  exception  of  tie 
Ironton-Puritan  ore-body,  and  it  is  possible  that  when  tke 
workings  of  these  mines  penetrate  deeper  they  will  come  in 
contact  with  a  dyke — one  is  known  to  come  to  the  surface 
three  or  four  hundred  feet  west.  As  to  the  three  mines  ed 
of  Sunday  Lake,  it  has  already  been  noted  that  their  character 
is  quite  exceptional.  From  the  eastern  pitch  of  the  dykes, H 
is  evident  that  they  must,  if  they  continue  in  their  observed 
directions,  reach  the  surface  to  the  west  of  the  present  work- 
ings of  each  of  the  mines.  As  these  workings  are  but  a  few 
hundred  feet  deep,  it  follows  that  when  these  dips  are  high  the 
dykes  would  reach  the  surface  but  a  short  distance  from  the 
ore-deposits.  It  thus  becomes  probable  that  there  are  as  mioj 
dykes  in  the  lower  horizon  of  the  iron-bearing  member  as  art 
seen  in  all  of  the  different  mines,  while  doubtless  there  ire 
many  more.  In  some  mines  there  are  as  many  as  three  or  four 
parallel  dykes.  In  those  cases  in  which  there  are  several  dyta 
m  a  single  mine,  one  is  generally  known  as  the  main  dyke. 
The  smaller  ones  are  in  some  cases  clearly  offshoots  from  the 
larger,  the  actual  connections  between  them  being  traced. 

l^osition  of  the  ore  in  reference  to  the  dykes. — The  ore  has 
been  spoken  of  as  resting  upon  the  fragmental  quartzite  as  a 
foot-wall,  and  in  exceptional  cases  as  resting  upon  a  non-frag- 
mental  quartz-rock,  which  belongs  in  the  iron-bearing  membtf, 
but  which  nevertheless  forms  a  foot-wall  for  the  ore  depoeitai  . 
dipping  north  with  the  formation.     From  the  description  of  ' 
the  position  of  the  dykes  and  the  quartzites,  it  is  evident  that  1 
the  two  rocks  form  V-shaped  troughs,  which  have  at  the  apices  j 
right  angles,  and  the  south  arms  of  which  are  nearer  vertical  : 
than  tlie  north  arms ;  the  first  being  upon  an  average  20®  to  8V 
from  a  vertical,  while  the  second  is  from  20°  to  30°  from  a  hori- 
zontal position.     The  relation  is  that  of  a  right  angled  trough 
tilted  toward  the  north  until  it  lacks  20°  to  80°  from  having 
its  arms  in  horizontal  and  vertical  positions.     In  one  or  two 
mines,  for  a  short  distance,  these  troughs  do  not  incline  either 
east  or  west,  but  at  most  of  them,  from  what  has  gone  before,. 
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it  i8  evident  they  incline  to  the  east.  The  oreiodies  lie  in 
ihe  apices  of  these  roughly  shaped  troughs^  figs.  3,  4,  7.  Each 
deposit  of  ore  in  following  a  trough  will  evidently  be 'at  diflfer- 
^Dt  depths  at  different  places  east  and  west,  depending  upon  the 
nearness  of  the  dykes  to  the  surface.  All  ore  deposits  in  the 
position  described  would  reach  the  surface  if  the  underlying 
aykes  dip  to  the  east  or  to  the  west.  As  a  matter  of  fact,  many 
of  them  were  found  at  the  rock  surface,  but  others  were  found 
after  cutting  an  overlying  rock.  However,  at  present  (October, 
1888),  mining  developments  have  traced  all  deposits  which  are 
large  enough  to  warrant  working,  with  two  exceptions,  to  the 
surface,  and  these  exceptions  are  newly  discovered  deposits, 
which  in  all  probability  will  be  traced  to  the  surface  in  the 
future.  As  would  be  expected,  it  is  also  true  that  the  devel- 
opment of  the  deposits  'which  were  originally  found  at  the 
surface  have  carried  them,  in  every  case  m  which  they  are  of 
any  magnitude,  below  the  surface  of  the  country  rock.  Both 
of  these  facts,  the  tracing  of  the  ore-deposits  discovered  at 
depth  to  the  surface,  and  those  discovered  at  surface  beneath 
it)ck,  are  inevitable  deductions  from  what  has  preceded. 
Rock  above  the  ore. — The  rocks  which  are  found  above  the 

.  oreKieposits  are  the  ferruginous  cherts — the  rocks  which  have 
been  spoken  of  as  the  characteristic  ones  near  the  base  of  the 
iron-b^iring  member  throughout  the  area  in  which  the  ores 

occur.     The  upper  boundary  of  the  deposits  differs  from  the 

Jnartzite  and  dyke-boundaries,  in  that  the  change  from  ore  to 
Je  cherty  rock  is  a  transition  instead  of  an  abnipt  one.  In 
passing  upward  through  an  ore-deposit,  as  its  border  is  reached, 
the  ore  becomes  mixed  with  chert  until  so  poor  in  iron  as  to 
become  unsalable.  In  passing  still  farther  upward,  the  amount 
of  chert  becomes  greater,  until  a  fractured  chert  and  iron  ore, 
kno?m  to  the  miners  as  "  mixed  ore,"  is  found.  In  passing  up 
•till  farther  this  mixed  ore  grades  into  the  ordinary  ferrugi- 
nous chert  of  the  lower  horizons. 

To  summarize  then,  the  boundaries  of  the  ore-deposits  are 
to  the  south,  either  fragmental  quartzite  or  ferruginous  quartz- 

\  ^k  in  the  ore-formation — ^generally   the  former ;  under   the 
ore,  the  dyke  rocks;  and  above  the  ore,  tfie  typical  ferrugi- 
JU)iis  cherts  of  the  region.* 
The  horizon  above  the  ferruginous  cherts,  is  in  most  cases  a 

\  itgnlarly  banded  red  ferruginous  slate.  This  slate  is  composed 
of  chert  and  iron  peroxide  and  is  as  regularly  bedded  as  the 
Unaltered  carbonates.     Above  this  slate,  constituting  the  upper 

iorizon  of   the   ore  formation,  are  often   found   cherty   iron 

esrbonatea     While  this  section  is  known  to  occur  at  several  of 

*  Erident  practical  deductions  for  carrying  on  prospecting  nnd  mining  foUow 
from  the  foregoing,  but  in  this  paper  my  space  is  too  limited  to  give  them. 
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the  more  important  mines,  it  cannot  certainljr  be  said  to  be 
common  to  all  of  them.  Also  the  respective  thicknesses  of  the 
ill-defined  belts  are  very  different  at  different  mines.  A  gen- 
eral  statement  may  be  made,  that  at  most  of  the  mines  a 
cross  section  of  the  iron  formation  shows  the  proportion  of  na- 
altered  iron  carbonate  to  increase  in  passing  from  lower  to 
higher  horizons.  It  is  true  that  almost  eolid  carbonate  occure 
at  three  places  at  relatively  low  horizons,  although  none  ai 
them  are  known  to  be  at  the  base  of  the  member,  while  one  ifi 
certainly  underlain  by  a  ferruginous  chert  Also  at  severa. 
localities  a  typical  chert  is  found  at  very  high  horizons.  Figa 
2  to  8  illustrate  as  wide  variations  of  the  relations  of  the  ore 
bodies  to  the  surrounding  rocks  as  is  anywhei-e  found ;  yet  al 
are  alike  in  essential  points. 

Charactei'  of  the  ore. — The  iron  ore  is  a  soft,  red,  somewha 
hydrated  hematite.  By  chemical  analyses  it  is  shown  to  1m 
more  or  less  manganiferous,  the  manganese  occasionally  run 
ning  to  a  high  percentage.  Much  of  it  is  so  friable  that  it  cai 
be  broken  down  with  a  pick,  although  as  taken  from  the  mine 
it  is  compact  enough  to  liold  together  in  tolerably  large  lump 
These  lumps  are  porous,  often  more  or  less  nodular,  and  aw 
often  roughly  stratiform.  The  strata  conform  in  a  ^enen 
way  to  the  strike  and  dip  of  the  formation.  Mingled  withtt 
soft  hematite,  in  a  few  mines,  is  a  small  quantity  of  aphaniti 
steel-blue  hematite.  The  south  deposits  carry  updn  an  avewtf 
more  manganese  than  the  north  deposits,  the  average  in  tr 
South  Iron  King  being  above  10  per  cent,  while  from  the  Soul 
Colby,  ore  has  been  taken  which  contained  as  much  as  30  p 
cent  metallic  manganese. 

TuE  Origin  of  the  Ores. 

We  have  before  us  the  character  of  the  iron  ores,  the  sha 
of  the  deposits,  their  relations  to  the  rocks  surrounding  the 
the  nature  of  the  rocks  of  the  iron  formation  above  the  c 
horizon,  and  the  character  of  the  formations  above  and  beh 
that  bearing  iron.  An  attempt  will  now  be  made  to  Bngg< 
an  explanation  of  the  character  and  location  of  the  ore-booi 

The  shape  of  the  deposits  and  their  relations  to  the  stP 
of  the  iron  formation  are  such  as  to  exclude  the  idea  of  origi: 
sedimentation  in  place ;  neither  can  they  be  considered  as  \ 
result  of  oxidation  of  iron  carbonate  in  place  alone.  All 
the  unaltered  iron  carbonate  now  found  contains  a  much  larj 
quantity  of  silica  than  the  ores,  so  much  as  to  make  th 
entirely  valueless.  Also  the  red  banded  slates  found  at 
middle  horizons  give  every  evidence  of  being  a  material  wh 
has  resulted  from  the  oxidation  of  the  bedded  carbonate  in  ph 
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the  large  amount  of  manganese  which  the  ores,  espe- 
sonth  deposits,  contain  is  greater  than  that  found  in 
)nate  from  which  analyses  have  been  made ;  and  the 
content  of  manganese  in  the  ore  is  much  greater  than 
ge  of  the  carbonates.  While  it  is  thus  true  that  the 
lot  carbonates  of  iron  which  have  altered  in  place,  it 
as  certainly  true  that  the  iron  carbonates  of  the  belt 
n  the  source  whence  the  iron  oxides  for  these  ores 
Q  derived.  The  nature  of  the  evidence  upon  which 
ment  is  based  has  been  suggested ;  but  the  conclusion 
much  clearer  if  there  were  place  to  give  a  detailed 
m  of  the  rocks  of  the  iron  formation  as  a  whole, 
then,  the  iron  ores  cannot  be  explained  by  oxidation 
late  alone  in  place,  and  since  the  carbonate  was  the 
bence  they  were  derived,  they  are  necessarily  concen- 
)f  iron  oxide,  combined  perhaps  with  iron  oxide  fur- 
j  oxidation  of  carbonate  m  place.  If  this  explanation 
jd,  however,  it  is  not  only  necessary  to  explain  the 
of  the  iron  oxide  in  its  peculiar  position,  but  the  nature 
hole  lower  part  of  the  formation.  The  explanation 
3unt  for  the  great  increase  in  the  amount  of  silica  in 
•  horizon  of  the  ore  formation  as  compared  with  the 
iherty  carbonate;  for  its  almost  total  absence  in  the 
the  concentration  of  the  iron  oxide;  for  the  almost 
absence  of  carbonate  of  iron  at  the  lower  horizons ; 
3d  banded  slates  and  carbonates  in  the  middle  horizons ; 
he  relatively  much  more  abundant  unaltered  carbonate 
)per  horizons. 

tieular  occurrence  of  17 on  ore, — Before  attempting  to 
neral  explanation  ol  these  facts,  it  will  first  be  well  to 
)ne  of  several  occurrences  of  narrow  belts  of  iron  ore 
1  exposure.  At  Sunday  Lake  outlet,  in  Sec  13,  T. 
.  46  W.,  Mich.,  the  actual  transformation  from  cherty 
onate  to  iron  ore  is  seen  in  all  its  phases.  In  clefts, 
i  partings  along  the  bedding  of  the  exposure  are  nar- 
IS  of  hematite.  In  passing  ironi  the  seams,  the  hema- 
nes  mingled  with  some  chert ;  going  still  farther,  the 
reases  in  quantity  until  a  groundniass  of  silica  contains 
)mbohedra  of  iron  oxide.  The  iron  oxide  then  grad- 
ses  into  siderite.  This  siderite  is  in  perfect  rhombo- 
id it  is  evident,  in  thin  section,  that  the  iron  oxide 
is  pseudomorphous  after  it.  The  rock  has  now  passed 
ore  into  a  sideritic  chert,  which  is  of  a  light-gray  color, 
texture,  and  breaks  with  conchoidal  fracture.  The 
3k  is  manifestly  in  its  original  condition.  The  pro- 
which  the  seams  of  iron  oxide  occupied  the  space  once 
sideritic  chert  are  plain.     The  iron  carbonate  has  de- 
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composed  in  place  to  iron  oxide,  the  roct  becoming  a  hematitic 
chert.  Along  the  seams,  waters  bearing  iron  in  solution  haye 
passed.  These  waters  have  particle  by  particle  dissolved  out 
the  chert  and  replaced  it  with  iron  oxide,  and  where  once  wm 
lean  sideritic  chert  is  rich  ore.  A  part  of  the  iron  oxide  is  due 
to  the  oxidation  in  place  of  iron  carbonate,  bnt  the  larger  part 
has  come  from  a  greater  or  less  distance  there  to  be  deposited. 
The  seams  of  iron  oxide  at  this  point  are  but  a  few  inches  in 
thickness,  but  it  is  probable  that  the  series  of  changes  whieh 
have  here  taken  place  upon  a  small  scale,  will  upon  a  largescak 
explain  the  concentration  of  workable  ore-deposits. 

Time  at  which  concentration  of  the  main  or&hodies  occurrei 
— It  has  been  stated  that  the  iron  belt  rocks  are  much  lesB 
altered  as  a  whole  in  the  upper  horizons,  being  there  compoeed 
largely  of  unaltered  cherty  carbonate,  while  the  lower  hori- 
zons contain  very  little  carbonate  and  are  mostly  composed 
of  ferruginous  chert  and  iron  ore.  It  follows  as  a  deduction 
from  tins  succession,  that  the  series  of  changes  which  have  bo 
completely  altered  the  lower  horizons  of  tne  formatipn^have 
occurred  subsequently  to  the  uplifting  of  the  series.  'The  al- 
terations can  only  be  explained  by  the  action  of  percolating 
waters  bearing  oxygen,  and  which  therefore  came  from  above. 
If  the  layers  were  horizontal  when  the  changes  occurred,  the 
waters  passing  downward  would  have  altered  most  that  part  of 
the  formation  nearest  the  surface.  The  reverse  would  be  the 
case  if  the  alteration  was  subsequent  to  the  tilting,  for  the  up- 
per layers  of  the  member  would  partially  escape  the  action  of 
percolating  waters,  as  will  readily  be  seen  by  glancing  at  figs. 
1  and  9,  and  taking  into  consideration  the  nature  of  the  belt  of 
rock  above  the  ore  formation.  It  is  a  member  composed  of 
black  and  gray  clay  slates,  greywacke  and  grey wacke-slates,  all 
of  which  contain  a  large  amount  of  clay,  rocks  particularly  im- 
pervious to  water.  A  rock  underlying  any  great  thickness  of 
such  a  formation  in  a  horizontal  position  could  not  be  greatly 
affected  by  waters  from  above.  However,  when  the  senes  had 
been  uplifted  and  eroded,  this  upper  impervious  member  would 
have  been  removed,  and  the  waters  would  come  directly  in 
contact  with  the  lower  horizons  of  the  ore  formation,  while  the 
upper  horizons  of  the  belt  would  still  be  somewhat  protected. 

Before  going  farther,  it  is  necessary  to  consider  the  porosity 
of  the  rocks  which  underlie  the  ore  formation.  They  have 
been  said  to  be  composed  of  quartzites  and  feldspathic  quarta- 
slates.  Included  in  the  latter  are  clay-slates ;  consequently  the 
rocks  of  this  member  are  also  almost  impenetrable  to  perco- 
lating waters.  The  uppermost  layer  of  the  member,  the 
quartzite,  is  not  itself  a  perfect  barrier  to  the  passage  of  wateri 
on  account  of  the  joints  which  are  always  found  in  such  a  brit' 
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tie  rock.  These  joints  do  not  aflfect  the  underlying  slates,  for 
these  thinly  laminated  clayey  rocks  are  so  flexible  that  under 
the  slight  bowing  which  they  have  received,  they  are  scarcely 
fractured  at  all. 

Process  of  Concentration, — An  attempt  will  now  be  made 
to  trace  the  passage  of  percolating  waters  through  the  inclined 
layers  of  the  iron  formation.  Fig.  9  is  a  section  showing  the 
condition  of  this  member  at  the  present  time  at  the  surface, 
and  illustra;ting  how  this  state  of  affairs  was  reached.  The 
strata  of  the  formation  are  now  exposed  by  their  dipping  at  a 
high  angle,  65°,  to  the  north.  The  whole  Penokee-Gogebic 
series,  more  than  13,000  feet  thick  in  some  places,  of  which 
the  iron  formation  is  a  part,  is  exposed  in  the  same  fashion. 
Therefore  thousands  of  feet  of  the  iron  member  have  certainly 
been  carried  away  by  erosion.  The  figure  assumes  that  about 
'SOOO  feet  have  been  eroded  from  this  member  since  it  was 
upturned.  It  would,  however,  make  no  difference  with  the 
argument  if  this  erosion  occurred  during  the  time  of  the  upturn- 
ing. The  upper  part  of  the  figure  represents  the  surface 
of  the  iron  formation,  and  a  part  of  the  underlying  and  overly- 
ing rocks  at  some  past  time.  Near  the  bottom  of  the  figure 
is  the  present  land  surface,  showing  the  succession  of  rocks 
ftt)m  north  to  south  which  are  now  actually  found.  A  tran- 
«ition  from  unaltered  cherty  carbonate  to  completely  decom- 
poeed  carbonate  is  noted.  At  the  time  when  tlie  upper  sup- 
poeed  land  surface  was  an  actual  one,  the  present  surface  would 
be  but  little  exposed  to  the  action  of  percolating  water.  It 
tsould  not  pass  through  the  slates  which  overlie  the  iron  forma- 
tion; neither  could  it  get  in  through  the  underlying  feld- 
siMithic  quartz-slates.  Therefore,  most  of  the  water  which  at 
ttat  time  was  able  to  reach  the  present  land  surface,  must 
have  done  so  by  passing  down,  along  and  through  the  layers 
of  the  iron  formation  itself.  The  dotted  broken  line  repre- 
sents a  perpendicular  course  which  the  water  would  follow 
"^re  its  passage  not  deflected  by  the  laminated  character  of 
Ae  rocks ;  but  there  would  be  a  tendency  for  this  water  to 
foUow  the  bedding,  so  that,  entering  the  iron  formation  at  its 
Uppermost  horizon,  it  would  follow  an  irregular  course  marked 
^y  a  broken  line  and  would  reach  the  foot-wall  quartzite  at  the 
Mie  of  the  present  surface  of  the  country.  It  is  immaterial 
^  the  argument  whether  this  line  ought  to  vary  farther  from 
j:|  the  perpendicular  than  marked  or  not ;  for,  in  any  case,  nearly 
tile  whole  of  the  present  surface  of  the  iron  formation  would 
escape  the  percolating  waters,  or  if  not  this  surface,  some 
other  yet  lower  down.  It  is,  however,  probable  that  the 
j^l  lowest  horizon  would  not  thus  escape  until  a  great  depth 
ym  ^M  reached;   for  the  waters  entering  the  formation,  would 
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steadily  work  their  way  to  a  greater  and  greater  depth  alonj 
the  foot- wall,  until  such  depths  were  reacned  as  to  prevent  fe 
farther  penetration. 

Now,  suppose  erosion  to  gradually  sweep  away  the  rocks  which 
are  between  the  old  surface  of  the  country  and  the  preaent 
surface.     Beginning  at  the  base  of  the  formation  therocbit 
the  present  surface  would  be  more  and  more  exposed  to  the 
action  of  percolating  waters,  which  would  in  turn  affect  the 
middle,  and  finally  the  higher  layers  until  its  whole  widthiw 
subject  to  the  agencies  of  alteration  *   There  is,  then,  a  gradwl 
increase  in  the  time  that  percolating  waters  have  acted  upon 
the  various  layers  of  the  lormation  in  passing  from  south  to 
north.      The   difference   in  time  to  which  the    highest  and 
lowest  layers  have  been  subjected  to  such  slction,  is  at  least 
the  length  of   time  that   it   has  taken  erosion  to  remove  the 
thickness  of  rock  between  the  old  surface  of  the  country  an^ 
the  present  surface ;  therefore  the  slower  the  erosion  is  takei 
to  have  been,  the  greater  the  difference  in  time. 

Next  suppose  that  erosion  had  continued  until  the  surfac 
of  the  land  is  at  some  intermediate  point.  In  tracing  the  pel 
colating  waters,  it  is  necessary  to  take  into  account  die  dene* 
tion  to  which  they  would  be  subjected  by  its  layers,  and  tli 
impenetrable  character  of  the  underlying  slates  and  intersec 
ing  dykes.  The  relative  position  of  the  ore-bodies,  quartiit^ 
and  dykes  has  already  been  given.  The  water  which  te 
upon  the  layers  of  the  iron  formation  near  its  base,  woal 
readily  pass  through  the  rock,  it  being  here  already  mnc 
altered  and  broken  by  the  long  action  of  water.  PaseitJ 
through  these  ferruginous  cherts,  the  water  would  quickJ 
reach  a  dyke  or  the  fragmental  quartzite,  and  would  foll(^ 
along  this  barrier,  deflected  to  the  north  if  upon  the  quartz- 
ite, and  to  the  south  if  upon  a  dyke,  until  it  reached 
trough  made  by  the  dyke  and  quartzite,  along  which  it  won! 
follow,  traveling  toward  the  east  as  it  penetrated  deep^ 
Such  water  would  be  likely  to  contain  oxygen  in  solution,  an 
would  be  capable,  if  it  contained  alkalies,  which  might  * 
readily  obtained  from  the  alteration  of  the  basic  dykes,  of  ^ 
ing  up  a  small  amount  of  silica.  Other  water  falling  a{< 
higher  lavers  would  make  its  way  slowly  and  with  difficnl 
through  these  less  altered  parts,  and  would  oxidize  iron  cart 
nate  until  all  oxygen  had  been  extracted  from  it.  This  ori^ 
tion  of  a  part  of  the  iron  carbonate  would  liberate  carb 
dioxide,  which  would  be  taken  into  solution  and  added  to  ^ 
carbon  dioxide  which   the   water   already  contained.*     Si- 

*  Id  tliis  discussion  carbonated  water  is  taken  as  the  agent  of  solutioo.  ^ 
likely  enough  that  organic  adds  have  helped  to  take  the  iron  carbonate  in  BolU 
and  bear  it  to  the  points  of  precipitation. 


Ph 
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water  would  take  into  solutfon  unaltered  iron  carbonate.     It 
would  also  in  its  upper  course  take  up  what  silica  it  was  able 
to  carry.    ^  As   it    penetrated  farther  and   took  more  carbon 
dioxide  in  'solution,  and  consequently  also  more  iron  carbonate, 
it  would  be  less  able  to  carry  silica,  and  would  deposit  that 
mateHal  as  chert  in  the  lower  horizons.    The  water  thus  travel- 
ing on  with  an  increasing  amount  of  iron  carbonate,  would 
finally  reach  a  dyke  and  be   deflected  toward  the  foot-wall 
quartzite.     It  would  follow  this  dyke  until  the  apex  of  the 
trough   was   reached;   here  it    would   mingle  with   a  larger 
amount  of  water  more  directly  from  the  surface  bearing  oxy- 

en,  and  therefore  capable  of   oxidizing  the  iron   carbonate. 

'he  iron  would  then  be  precipitated  in  tne  apex  of  the  trough 
as  more  or  less  hydrated  sesquioxide  of  iron.  ^ 

Unon  the  other  hand,  the  silica  would  here  be  dissolved ; 
for  tne  carbon  dioxide  solution  containing  iron  carbonate  would 
be  greatly  diluted  by  the  large  amount  of  water  which  bore 
the  precipitating  agent  for  the  iron,  and  the  resultant  abundant 
dilute  solution  of  carbon  dioxide  bearing  perhaps  alkalies  with 
it,  would  be  capable  of  taking  up  silica  which  was  either  origi- 
nallv  present  or  had  been  subsequently  deposited  in  the  apex 
of  the  trough.  Such  solutions  may  have  furnished  the  silica 
which  has  enlarged  the  particles  of  quartz  in  the  foot-wall  and 
thus  indurated  it.  The  result  of  tnis  leaching  would  be  to 
steadily  add  iron  oxide  to  and  remove  the  silica  from  the 
apices  of  the  trough  formed  by  the  quartzite  and  dyke,  and 
thus  to  form  ore-bodies.  At  the  same  time  the  other  parts  of 
the  formation  would  be  steadily  impoverished  in  iron  content. 
Much  of  that  which  remained  disseminated  through  the  forma- 
tion would  have  been  changed  from  carbonate  to  oxide.  In 
its  lower  part,  the  silica  which  was  taken  into  solution  in  the 
npper  part  of  the  water's  course  would  be  precipitated.* 

The  processes  thus  outlined  would  penetrate  to  deeper  parts 
of  the  lormatiou  as  erosion  steadily  aavariced  until  the  present 
Burface  of  the  country  is  reached,  and  the  ore-bodies  thus 
formed  at  depth  are  now  found  at  surface.  It  follows  that  a 
hu^  amount  of  iron  found  in  the  ore-bodies  was  originally 
hi  rock  which  has  been  removed  by  erosion.  So  far  as  the 
^posits  are  at  the  surface,  all  of  the  iron  oxide,  except  that 

*The  chemistry  of  the  processes  thus  outliDed  assumes  the  following:  that  the 
^g««i  of  percolating  waters  is  suflBcient  to  oxidize  iron  carbonate  not  in  solution 
^Kt  carbon  dioxide  free;  that  the  resultant  carbonated  waters  are -sufficient  to 
tteiron  carbonate  in  solution;  that  if  such  waters  bearing  dissolved  carbonates 
we  mingled  with  other  waters  bearing  oxygen,  the  iron  carbonate  or  a  por- 
jWi  of  ii  will  be  precipitated ;  that  silica  may  be  carried  m  percolating  waters; 
w  carbon  dioxide  is  sufficient  to  precipitate  silica  from  such  solutions ;  and  that 
*  carbon  dioxide  solution  strong  enough  to  precipitate  silica,  by  dilution,  may  be 
^^^  80  weak  in  carbon  dioxide  that  it  would  l)e  capable  of  taking  k^illca  into 
•^tion.  All  of  these  facts  and  principles  of  chemistry  are  so  well  known  that 
Bodiiciusion  of  them  or  reference  to  authorities  is  needed. 
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which  came  from  the  oxidation  of  carbonate  in  place,  mnfit 
have  come  from  such  a  source,  while  it  is  probable  that  a  large 
part  of  the  deposits  located  at  considerable  depths  have  be^ 
stored  from  rock  which  has  been  broken  down  and  scattered 
far  and  wide.  These  are  not  so  much  concentrations  of  iron 
oxide  which  were  originally  deposited  as  a  carbonate  &bo?e 
them,  as  from  the  layers  which  stretched  to  the  soathward, 
but  which  were  subsequently  by  upturning  placed  over  the 
ore-bodies.  Also  the  large  proportion  of  silica  now  found 
near  the  surface,  and  particularly  in  the  southern  half  of  the 
belt,  is  probably  much  greater  than  was  here  originally  present 
The  silica  of  these  highly  cherty  rocks  associated  with  the  oree 
may  represent  a  concentration  from  many  hundreds,  or  even 
tljousamls  of  feet  of  rock  which  have  been  swept  away,  just  as 
the  ore-bodies  are  concentrations  from  the  iron  cartonates 
which  these  same  rocks  contained.  A  portion  of  the  silica 
may  have  come  from  the  alteration  of  the  dyke-rocks  contained 
in  this  removed  material,  but  doubtless  most  of  it  came  from 
the  original  cherty  carbonate. 

The  only  exceptions  of  moment  to  the  facts  as  assumed  in 
the  above  discussion,  are  the  occurrence  of  iron  ore  at  a  higher 
horizon  than  the  foot-wall  quartzite,  and  the  ore-bodies  eac^  of 
Sunday  Lake,  which,  so  far  as  present  developments  go,  are 
not  known  to  be  associated  with  dyke*  rocks.  It  has  been  said 
that  those  ore-bodies  in  the  main  part  of  the  range  which  are 
north  of  the  fragmental  quartzite  have  a  well-defined  chertj^ 
quartz  foot-wall  of  a  regular  character.  In  these  cases,  tluB 
quartz-rock  has  served  as  the  plane  which  checked  thie  waters  in 
tneir  downward  passage  before  reaching  the  fragmental  quarto- 
ite.  Here  the  relation  of  the  ore  to  the  dykes,  and  its  other 
characters,  an?  the  same  as  when  the  ore  is  found  upon  the 
fragmental  quartzite.  It  is  of  interest  to  note  that  in  one  of  j 
the  largest  mines  of  the  region,  the  Colby,  as  shown  by  Fig.  ii  | 
the  north  and  south  deposits  have  as  their  basement  the  satae 
great  dyke,  the  two  ore-bodies  being  separated  merely  by  * 

?;igantic  horse  of  rock  which  served  as  the  impervious  layer  to 
orm  the  foot-wall  of  the  north  deposit.   The  explanation  given 
of  the  origin  of  the  ore  found  upon  the  fragmental  quartz- 
ite, applies  perfectly  to  these  north  deposits  with  the  modific*^ 
tions  above  indicated.    That  there  are  layers  of  the  iron-bearixig 
formation  which  are  not  readily  pervious,  and  therefore  becoD^® 
basements  along  which  the  down-flowing  waters  passed,  is  nO^ 
at  all  strange.    It  would  be  stringer  if,  in  a  thickness  of  wat^^' 
deposited  sediments  of  800  feet,  there  were  no  layers  which,  ^* 
least  for  a  short  distance,  were  effectual  barriers  to  the  passa^ 
of  percolating  waters.     The  chemistry  of  the  process  of  c(7^i 
centration  of  the  ore-deposits  east  of  Sunday  Lake,  in  ^* 


Va/n  Hise — Iron  Ores  of  the  Penokee-  Gogebic  Series.     45 

>bability,  is  like  that  of  the  typical  deposits  of  the  ran^. 
eir  concentration  is  apparently,  however,  more  nearly  analo- 
18  to  the  narrow  seams  of  ore  described  in  the  early  part  of  this 
3er  than  to  the  typical  deposits.  The  formation  here  appar- 
;ly  being  cnt  by  no  impervious  dykes,  the  waters  have  not 
m  carried  over  to  the  quartzite,  thus  forming  main  channels 
percolation,  but  the  comparatively  small  ore-bodies  have 
^eloped  here  and  there  as  favorable  conditions  for  concen- 
tion  occurred.* 

The  above  explanation  of  the  origin  of  the  ore-deposits  ao- 
•ds  well  with  tne  facts  of  their  occurrence,  and  also  with  the 
»  that  the  iron  formation  deposits  were  originally  an  impure 
arty  carbonate  of  iron.  It  explains  perfectly  the  peculiar  posi- 
n  of  the  ore-bodies  with  reference  to  the  dykes  and  the  loot- 
ill  quartzite ;  it  explains  their  presence  in  a  similar  position 
the  few  instances  in  which  tne  deposits  are  north  of  the 
igmental  quartzite ;  it  explains  the  flat  wedge-shaped  charac- 
r  of  the  ore-deposit ;  it  explains  the  nature  of  the  ore,  a  soft 
mewhat  hydrated  hematite,  bearing  more  or  less  of  manga- 
»e;  it  explains  the  excess  of  manganese  which  the  ore  car- 
es beyond  the  amount  found  in  the  unaltered  carbonates,  and 
B  relatively  greater  abundance  in  the  south  deposits ;  it  ex- 
lains  the  presence  of  large  quantities  of  unaltered  carbonates 
I  the  upper  horizons  of  the  iron  formation,  the  gradual  lessen- 
ig  of  this  carbonate  in  passing  to  lower  horizons,  and  its 
Jsence  at  the  base  of  the  lormation  ;  it  explains  the  large  per- 
JDtage  of  silica  contained  in  the  greater  part  of  the  lower 
orizons  and  the  low  percentage  at  the  apices  of  the  troughs. 
Probable  extent  in  depth  of  ore-iodies. — This  explanation  of 
le  origin  of  the  ores  may  throw  some  light  upon  the  depth  to 
Mch  the  ore-bodies  extend.  The  fact  that  all  of  them  have  been 
■aced  to  the  erosion  surface,  is  favorable,  rather  than  otherwise, 
>  their  extending  to  a  considerable  deptL  The  ore- bodies,  at 
»e  depths  now  penetrated,  must  have  formed  almost  wholly 
efore  the  sweeping  away  of  the  rocks  of  the  iron  formation 
We  them.  They  could,  then,  have  received  but  little  of 
le  iron  they  contain  since  the  end  of  the  Glacial  epoch,  for 
fOfiion  was  then  terminated  by  the  mantle  of  drift  dropped 
yer  the  region.  The  deposits,  with  some  degree  of  proba- 
Uity,  may  be  said  to  continue  to  a  depth  at  which  the  agencies 
f  concentration  could  effectively  work.  Whether  this  distance 
^Ibe  found  to  be  measured  in  hundreds  or  thousands  of  feet, 
^^  data  at  present  are  too  scant  to  indicate.  I  am  inclined 
t)  believe,  however,  that  they  may  be  depended  upon  to  con- 

^  As  bearing  upon  the  truthfulness  of  the  above  theory  as  a  whole,  it  is  an 
^teresting  fact  that  the  practical  miners,  in  prospeciin^;,  eagperly  follow  under- 
f^ond  water  channels,  hoping  that  they  will  lead  to  ore-deposits. 
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tiniie  for  a  considerable  depth.  While  they  may  extend  in 
unimpaired  richness  and  magnitude  to  a  depth  as  great  as 
can  be  penetrated  by  workings,  it  .is  certain  that  they  do  not 
continue  to  an  indefinite  distance.  There  is  also  a  possibili^ 
that  the  deposits  mav  become  poorer  than  at  the  surface  at 
comparatively  small  depths;  for  it  may  be  that  percolating 
waters,  since  the  termination  of  the  Glacial  epoch,  liave  been 
able  to  remove  from  the  upper  parts  of  the  deposits  a  smdl 
percentage  of  silica.  Such  a  removal,  even  to  the  extent  of  ' 
five  per  cent,  or  less,  would  have  an  important  influence  upon 
the  value  of  the  deposits. 

Emmons  on  Ore-deposits. — It  is  of  interest  to  compare  the 
conclusions  reached,  to  those  of  Emmons*  as  to  the  origin  of  the 
eilver-lead-deposits  of  Leadville,  Colorado.  He  finds  that  the 
ore  did  not  form  in  pre-existing  cavities,  but  by  a  gradual 
replacement  of  the  rock  materials  by  substances  brought  in 
solutions ;  and  also  that  these  solutions  did  not  come  up  from 
below,  but  have  reached  their  "immediate  locus"  by  pa» 
ing  downward  through  the  rocks  abova  In  his  discussion 
upon  ore-deposits  in  general,  he  maintains  that  a  like  origin 
is  much  more  common  than  has  been  believed.  It  will  be 
seen  that  my  conclusions  as  to  the  origin  of  the  iron  ore 
of  the  Penokee- Gogebic  Series,  arrived  at  independently  (rf 
Mr.  Emmons's  work,  are  in  exact  harmony  with  his  general 
conclusions. 

Iron  ores  in  other  parts  of  the  Lake  Superior  country.— 
Before  closing  this  paper,  some  allusions  must  be  made  to  the 
nature  and  origin  of  the  iron  ores  which  are  found  in  other 
regions  in  the  Lake  Superior  country.     Large  deposits  of  ore 
are  found  in  rocks  remarkably  like   those  of   the   Penokee- 
Gogebic  series,  in  the  Vermilion  Lake,  Marquette  and  Meno- 
monee   r<;gions.      These  ores  are  associated  in  almost   every 
mine    with   a  somewhat   varying  peculiar   rock,   universally 
known  as  soapstone.     The  connection  between  the  ore  and 
these   soapstones  is  so  constant   that   the  appearance  of  this 
peculiar  greasy  altered  material  is  considered  as  a  very  favor- 
able indication  in  prospecting.     It  is  true  that  the  rock  which 
miners  denominate  soapstone,  in  different  localities  has  quite 
different  appearances,  and  frequently  schists  are  called  soap- 
stones  which  have  no  essential  likeness  to  the  material  wifli 
which  the  ore  is  found  associated.     These  so-called  soapstones, 
in  the  regions  referred  to,  are  at  times  peculiar  green  banded 
schists,  at   other  times  are  compact  strongly  foliated  sericite- 
schists,  and  only  occasionally  do  they  retain  the  structure  of 

•  U.  S.  (Jeol.  Survey ;  Monograph  xii ;  Gwlogj-  and  Mining  Industry  of  Lead- 
ville; Samuel  Franklin  Emmons,  pp.  375-379.  Traus.  Am.  Inst  Min.  Bug.  voL 
xvi,  pp.  804-839.    Structural  Relations  of  Ore  Deposits,  S.  F.  Knunons. 
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eruptive  rock ;  but  in  the  few  cases  of  which  we  have  defi- 
te  knowledge,  the  manner  in  which  the  soapstones  cut  the 
Ijaeent  rocks  is  that  of  dykes.   This  is  particularly  well  shown 

the  large  open  pits  at  the  Jackson  Mine,  Negaunee,  Michigan, 
id  at  the  Champion  Mine,  Champion,  Michigan.  This  same 
fke-like  character  of  the  peculiar  schistose  rock  at  one  mine 
I  the  Vermilion  Lake  series  is  described  and  figured  by  Pro- 
!88or  Alexander  Winchell.*  Mr.  James  R.  Thomn«*on,  Min- 
iff  Engineer  for  the  Iron  CliflFs'  Mining  Company,  of  Negaunee, 
[ichigan,  also  iinds  in  quite  a  number  of  mines  in  the  Mar- 
aette  region,  that  the  soapstones  have  a  dyke-like  character. 
f  ith  most  of  the  soapstones  of  these  regions,  the  only  evidence 
lat  they  are  of  eruptive  origin  is  their  relations  to  the  rocks 
^hlch  thev  intersect  They  have  not  been  shown  in  many  cases, 
s  in  the  Penokee- Gogebic  region,  to  have  the  typical  structure 
f  eraptive  diabases ;  but  the  transition  phases  oetween  these 
mch  altered  rocks  and  the  comparatively  unaltered  massive 
rnptives  have  in  some  instances  been  found,  and  it  is  probable 
m  many  of  them  are  altered  eruptives.  At  any  rate,  the 
lose  association  between  the  soapstones  and  the  ores  can  hardly 
e  accidental,  and,  taken  in  connection  with  what  has  been 
iven  in  reference  to  the  Penokee-Gogebic  ores,  it  is  very  sug- 
estive  that  they,  in  ^me  way,  and  perhaps  in  a  way  similar 
3  that  in  the  Penokee-Gogebic  region,  have  influenced  the  con- 
entration  of  the  iron  in  the  ore-bodies  at  the  places  found. 
^0  certainly  determine  the  origin  of  all  these  "  soapstones," 
nd  their  stratigraphical  and  other  relations  to  the  ore-bodies 
rill  req^uire  a  detailed  investigation.  It  would,  however,  be  an 
ttteresting  illustration  of  the  uniformity  of  nature's  processes,  if 
ocb  future  investigation  should  show  that  the  iron  ores  in  the 
tner  regions  of  the  Lake  Superior  country  have  an  origin  like 
boee  of  the  Penokee-Gogebic  seriea 

Madison,  WisconsiD,  October,  1888. 


DESCRIPTION  OF  FIGURES.     PLATE  II. 

tecEB  1. — Cross- section  of  the  Penokee-Gogebic  series  at  Penokee  Gap,  show- 
ing the  relations  of  this  series  to  the  underlying  Laurentian  and  the  over- 
Ijing  Keweenaw  series.  The  figure  also  shows  the  conformable  succession 
of  the  four  members  of  the  series  itself.  At  this  particular  place,  the  quarts- 
slate  member,  as  compared  with  the  iron-bearing  member,  is  thicker  than 
usual.     Scale  l'=4000'. 

lURE  2. — Elevation  of  First  National  mine,  looking  south.  The  eastern  pitch 
of  the  dyke  is  shown,  and  the  resultant  greater  depth  of  the  ore  in  passing 
to  the  eastward.     Scale  ^=]30^ 

[7B£  3. — Gross-section  of  same  mine,  looking  east.    Scale  l'=130^ 

*  GeoL  and  Nat  Hist,  of  Minn. ;  1 5th  annual  report,  pp.  24-25. 
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Figure  4. — Cross-seciion  of  Colby  Mioe  through  both  north  and  Bouth  ore-depoi- 
its.  The  perpendicular  line  running  through  the  figure  is  drawn  because  tk 
two  parts  of  the  section  are  not  exactly  upon  the  same  plana  Thej  dilbr 
from  this  so  slightly,  however,  that  the  true  relations  of  the  ore-bodies  toth» 
surrounding  rocks  are  shown  bj  the  combined  figure.    Scale  l'=210^ 

Figure  6. — Elevation  of  Pence  Mine,  looking  north.  The  easiern  pitch  of  the 
dyke  is  again  observable.  The  right-angled  trough  made  by  the  dyke-rod 
and  quartzite  is  in  this  case  not  filled  with  ore  throughout  the  whole  fignrs. 
At  the  eastern  end  of  the  figure  after  passing  through  a  heavy  bed  of  drift, 
the  ore  constitutes  the  rock  surface.     Scale  l'=210'. 

Figures  6,  7  and  8. — Cross-sections  of  same  at  No.  1,  2  and  Father  Hennepm 
shafts  respectively.  In  figure  8,  the  shaft  has  not  yet  passed  through  the 
ore.    Scale  \'=iW, 

Figure  9. — Section  designed  to  show  the  variation  from  unaltered  carbonate  to 
ferruginous  chert  and  ore-bodies  in  passing  from  higher  to  lower  horizons, 
and  to  illustrate  the  manner  of  ore-concentration :  S^Upper  Slate,  Q=QlUirt^ 
ite,  FQ  =  Feldspalhio  Quartz-slate.    Scale  l''2=sl230'. 

Figures  2  to  8  inclusive  are  from  surveys  made  and  blue-prints  furnished  by 
Messrs.  J.  Parke  Channing  and  C.  M.  Boss,  of  Bessemer,  Mich. 


Art.  IV. — Recent  Observations  of  Mh,  Frank  S.  Dodge, 
of  the  Hawaiian  Government  Sxirvey^  on  Halema^utnau 
and  its  dehris-cane  /  by  James  D.  Dana. 

Mr.  Frank  S.  Dodge  has  recently  jnade  a  new  survey  of 
Haleina'uma'u,  the  great  South  Lake  basin  of  Kilauea,  whicb 
gives  definite  facts  as  to  the  gradual  lifting  of  the  debris-cone 
of  the  basin,  and  sustains  his  conclasions  irom  previous  obser- 
vations that  the  cone  has  been  floated  upward  on  the  column 
of  lavas  beneath  the  floor  of  the  basin. 

The  accompanying  map  and  the  sections  2  to  5,  reduced 
from  copy  recently  received  by  the  writer  from  him,  present 
the  chiei  results  of  his  survey.  In  addition  I  have  from  him 
a  brief  letter  of  explanations.  The  scale  of  the  map  is  2000 
feet  to  the  inch,  which  makes  the  distance  across  the  basin  from 
east  to  west  (New  Lake  not  included)  a  little  over  3000  feet 
The  outline  of  the  debris-cone  at  base  is  approximately  indi- 
cated bv  the  dotted  line.  The  numbers  give  the  level,  below 
the  Volcano  House  datum,  of  three  points  at  the  top  of  the 
cone  as  well  as  of  the  floor  of  the  basin  and  of  the  crater  out- 
side. At  w,  71,  e>,  p,  y,  r  are  small  discharging  cones,  ten  to 
twenty  feet  high.  Two  of  these  small  cones,  m  and  n,  were  at 
such  a  height,  owing  to  the  rising  of  the  floor  of  the  basin^ 
that  their  lava  streams  overflowed  the  rim  of  the  basin  ;  and 
from  Oj  the  lavas  had  flowed  into  New  Lake. 

Figures  2  to  6  are  four  profile  sections  by  Mr.  Dodge,  AB, 
CD,  EF,  GH,  of  the  basin  and  its  cone.  The  height  m  these 
sections  is  exaggerated  five  times,  but  in  fig.  2,  the  profile  a  h 
has  the  true  proportions.     In  2  and  3,  p  is  the  pit  within  the 
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debris-cone.     No  attempt  to  obtain  the  depth  could  be  made  on 
•cconnt  of  the  discharging  vapore.     Tlie  projection  above  the 


_,     .  ,    ,     „  neit  highest;  Nkw  L.,  New  Lake. 

'  FIkb.  Z— 6.  SectioDS  bj' Mr,  Dodge  of  EUlema'umH'u  in  Jul;,  188S,  along  tbe 
lines  AB.  CD,  EF.  GH,  vertical  scale  100  feet  to  the  inch,  horisoDtal,  2000  feet; 
e,  «dK^  o'  basin  of  Ilaleiua'uma'vi ;  i,  active  lava  lake  nt  west  foot  of  debru^cone; 
•L  pit  !□  debria-coDe;  (,  bigheet  sumiDit  of  cone. 

^jc-  G.  Diagrani  Bections  of  the  Halema'nma'u  basin  and  its  debriS'COoe,  pre- 
-^T^ml  fittm  the  dMcriptiODe  and  maps ;  j>.  the  pit  of  the  coue ;  ee,  edgea  ol  the 
ll^Bfn;  A,  ooDdition  in  May,  188S;  B,  Oct.  1,  1686;  C,  Aug.,  I8ST;  D.  Julj,  ISR8. 
floor  of  New  Lake  in  fig.  2  is  due  to  the  "stranded  floating 
inland."  • 

AM.   JOOB.  ScL— THian  Sebiks,  Vol.  XXXTIf,  No.  217.— Jan.,  1889. 
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It  will  be  remembered  that  in  April,  1886,  a  month  after  the 
eruption,  Mr.  J.  S.  Emerson  found  the  basin  570  feet  in  depth 
at  middle  and  175  to  200  feet  deep  over  a  broad  border  re- 
gion. The  condition  is  represented  approximately  (from  Mr. 
Emerson's  measurements)  in  the  proiile  section,  A.  Three 
months  later,  July  20th,  Prof.  Van  Slvke  reported  that  "a cone 
of  loose  blocks"  had  been  formed  within  tne  basin  "perhaps 
150  feet  high."     This  is  the  first  notice  of  the  cone.* 

In  the  first  week  of  the  following  October  (1886),  lesethan 
six  months  after  Mr.  Emerson's  survey,  Mr.  Dodge  made  his 
first  survey.  He  found  the  cone  standing  at  the  center  of  the 
basin,  with  the  *'  broad  border  region  "  around  it  little  changed 
from  the  condition  observed  by  Mr.  Emerson  ;  but  owing  to  ite 
depth,  the  top  of  the  cone  at  s  was  only  2  to  5  feet  above  the 
level  of  tlie  western  rim  and  at  ty  28*7  feet  below  the  same 
level.  The  width  of  the  cone  at  top  on  an  east-and-west  line 
was  found  to  be  1100  feet.  The  general  profile,  deduced  from 
the  survey,  is  shown  in  section  B.    Ten  months  later,  in  August, 

1887,  the  writer  found  the  position  of  the  cone,  judging  ixm 
his  estimates,  as  represented  in  fig.  C.  After  another  eleven 
months,  in  Jul}',  1888,  Mr.  Dodge  made  his  recent  snrvej. 
The  basin  was  very  nearly  obliterated,  and  some  parte,  as 
already  mentioned,  were  higher  than  the  level  of  the  rim;  as  a 
consequence  the  debris  cone  stood  with  its  whole  height  emerged 
This  is  illustrated  in  the  fourth  of  the  above  sections,  D. 

From  the  levels  obtained  by  Mr.  Dodge  at  his  two  surveys 
in  October,  1886,  and  July,  1888,  and  by  Mr.  Emerson  in  April, 

1888,  we  have  data  for  determining  the  rate  of  change  of 
level.  (1)  The  change  in  the  western  rim  of  Halema'uma'u 
was  nothing;  (2)  in  the  summit  «,  167*2  feet;  in  the  bqdq- 
mit  ty  171*4  feet.  The  time  during  which  this  rise  of  ap- 
proximately 170  feet  took  place  was  about  650  days,  giving  for 
the  mean  daily  rate  of  rise  3*15  inches. 

The  small  ejections,  going  on  over  the  basin  outside  of  the 
cone  during  the  two  years  past,  raised  to  some  extent  the  level 
of  the  floor.  But  whatever  the  amount  it  does  not  affect  the 
calculation,  this  being  based  on  changes  in  the  level  of  the 
summit,  which  received  no  additions  from  ejections  or  any 
other  source. 

The  conclusion  of  Mr.  Dodge  that  the  cone  within  Hale- 
ma'uma'u,  and  the  floor  of  the  basin  about  it  had  been  **  floated 
upward  "  on  the  rising  lavas  appears,  therefore,  to  be  the  otily 
satisfactory  explanation  of  the  change  of  level. 

*  Emerson,  this  J.,  Ill,  xxxiii,  87;  Van  Slyke,  ibid.,  95,  1886. 
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Art.  V. — Notes  on  Mauna  Loa  in  Jubjy  1888. 

.   On  an  Ascent  of  Mount  Loa  by  W.  C.  Merritt,  President  of 
Oahu  CoUege,     From  a  letter  to  J.  D.  Dana,  dated  July  28. 

President  Merritt  reached  the  summit  of  Mt.  Loa  at 
noon  of  the  18th  of  last  July,  and  encamped  near  the  southeast 
angle  of  the  crater.  The  spot  was  considerably  lower  than  the 
highest  point  on  the  west  side  of  the  crater,  and  probably  about 
13,400  feet  above  tide-level.  Water  boiled  at  185°  F.  between 
7*  and  8**  in  the  morning  when  the  temperature  was  at  56°  F. 
The  thermometer  was  at  62°  F.  at  noon,  40°  F.  at  7  P.  M.,  30° 
F.  at  11  p.  M.  and  26°  F.  at  daybreak,  so  that  during  the  night 
water  froze  in  a  large  crack,  ten  feet  below  the  surface.  About 
half  a  mile  south-by-west  from  the  southern  end  of  the  crater 
of  Mokuaweoweo  (see  map,  Plate  II,  vol.  xxxvi),  there  was 
a  small  but  deep  pit-crater.  Having  descended  the  east  wall 
of  the  central  pit  of  Mokuaweoweo  to  its  bottom,  a  small 
cinder  cone  was  found  not  far  from  the  eastern  wall ;  and  just 
fiouthwest,  a  pumice  cone  in  the  midst  of  an  aa  flow,  the  sum- 
mit of  which  was  very  hot  and  reddish  from  the  action  of  va- 
rrs.  In  the  southwest  corner  of  the  pit,  there  was  a  cone  at 
(for  all  positions  see  same  map),  from  which  vapors  were 
escaping,  and  south  of  it,  at  m,  a  circular  pit  300  and  400  feet 
in  diameter  by  estimate,  and  150  to  175  feet  deep.  The  walls 
of  the  pit  consisted  of  the  edges  of  layers  of  basaltic  rock 
one  of  which  was  40  to  50  feet  thick,  and  vertically  columnar 
in  structure.  The  floor  of  the  central  pit  had,  as  a  whole,  a 
dope  from  the  southwest  to  the  northeast,  confirming  the  view 
that  the  southwest  part  of  the  pit  had  been  the  seat  of  great- 
est activity,  as  it  is  in  Kilauea.  Southwest  of  m^  the  outer 
^all  of  the  central  pit  was  cut  through  from  top  to  bottom 
by  two  parallel  fissures,  which  had  a  S.S.W.  direction,  and 
thence  pointed  nearly  toward  the  place  of  chief  eruption  of 
1887.  East  of  m  and  near  the  wall  in  the  direction  of  L, 
there  were  great  numbers  of  small  fumaroles,  from  which 
sulphur  vapors  were  escaping  freely,  and  large  deposits  of 
Sulphur  had  been  made  about  them,  l^^ear  A  two  dikes,  2  to  2^ 
feet  thick,  intersected  the  walls,  crossing  one  another  at  a 
Small  angle,  the  rock  of  which  had  a  feldspathic  aspect. 

From  a  rough  measurement,  the  depth  of  the  crater  on  the 
jast  si(ie  was  made  not  over  350  feet.  If  this  small  depth  is 
Qstained  by  careful  observations,  a  great  change  of  level  had 
iken  place  since  the  survey  of  Mr.  Alexander  in  18b6.  Such 
change  might  have  been  among  the  effects  of  the  eruption 
F  February,  1887. 
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In  Prof.  Dana's  paper  of  July  last,  accounts  are  cited  oi 
fountain  of  lavas  m  the  summit  crater  in  1873 — in  June, 
Mr.  W.  L.  Green  and  Miss  Bird,  and  in  August,  by  Dr.  0. 
Adams.  President  Merritt  obtained  from  Mr.  E.  G.  Hit( 
cock  the  following  facts  observed  by  him  and  Mr.  H.  R  Hit< 
cock  on  a  visit  to  the  summit  in  October,  1873.  They  sjx 
one  night  at  the  summit  near  the  site  of  Wilkes's  camp,  on  t 
east  side  of  the  certtral  crater  or  pit.  At  the  time  a  founts 
of  lavas  was  playing  in  the  southwestern  end  of  the  crater,  t 
height  of  600  feet.  The  height  was  ascertained  by  lying  up 
the  brink  and  looking  across  the  pit  to  the  top  of  the  oppos 
wall;  the  column  of  fire  ascended  at  least  one-half  higher tl 
the  distance  from  the  floor  to  the  top  of  the  walls,  and  taki 
this  distance  at  400  feet,  the  height  of  the  fountain  was  < 
cided  to  be  approximately  600  feet.  Moreover  the  descend! 
lava  of  the  lountain,  falling  into  the  basin,  flowed  off  nor 
ward  nearly  the  whole  length  of  the  western  side  of  the  pit 

President  Merritt  also  visited  Kilauea  on  July  the  14th.  1 
letter  speaks  of  the  walls  of  Halema'uma'u  as  in  part  who 
obliterated,  as  represented  by  Mr.  Dodge ;  it  was  15  to  20  f 
high  in  some  places.  The  nearly  circular  lake  (at  t)  on  the  w 
side  of  the  cone  (which  he  calls  "  Dana  Lake  ")  was  in  ebu 
tion,  but  not  more  active  than  in  August,  1887.  The  end 
ing  walls  of  this  small  lake  were  10  to  15  feet  high  above  1 
liquid  lava  within,  and  15  to  20  feet  above  the  floor  outsi 
With  regard  to  the  rising  of  the  cone  in  Halema'uma'u  \ 
Merritt  expresses  full  confidence  in  the  view  of  Mr.  Dodge. 

II.    Notes  on  Mount  Loa  by  Rev.  E.  P.  Baker. 

In  the  month  of  July,  Rev.  E.  P.  Baker  of  Hilo,  made 
excursion  to  the  summit  of  Mt.  Loa,  and  also  to  the  sources 
several  of  its  ^eat  eruptions,  and,  in  addition,  visited  i 
lava  stream  of  Kilauea  of  1849  and  the  Kau  "desert"  I 
Merritt's  trip  to  Mokuaweoweo  was  jnade  with  Mr.  Bak 
The  following  notes  are  from  a  letter  on  his  excursions 
dressed  to  the  writer.  Mr.  Baker  also  made  a  valuable  coll 
tion  of  rock-specimens  which  will  add  much  of  inter 
to  the  paper  on  Hawaiian  lavas  soon  to  be  published  by  Pi 
E.  S.  Dana.  j.  D.  D 

To  the  facts  respecting  the  summit  of  Mt.  Loa,  reported 
President  Merritt,  Mr.  Baker  adds  that  he  observed  six  para 
fissures  ten  to  twenty  rods  apart  at  the  south  end  of  Mokna^ 
weo  which  had  a  course  toward  the  place  of  eruption  of  1887,  \ 
which  were  probably  there  produced  at  the  first  outbreak, 
fore  the  outflow  of  the  lavas  in  Kahuku.  (See  vol.  xxxvi,  p. ! 
A  descent  was  made  into  the  southern  crater  of  Moknaweo^ 
— probably  the  first  ever  made — and  the  depth  found  to 
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Beventy-five  feet  greater  than  that  of  the  central  crater.  A 
fresh-looking  lava  stream  descended  into  it  down  the  northern 
wall,  which  may  have  been  made  in  1887. 

Mr.  Baker,  speaking  of  the  source  of  the  lava  streams  of  the 
ffreat  eruption  of  1880-81,  states  that  the  two  streams  from 
tlie  source,  the  Kau  or  southern  and  the  Hilo  or  eastern  (see 
map,  Plate  I,  vol.  xxxvi)  originated  together  at  the  extremity 
of  a  long  fissure.  This  fissure  follows  tlie  course  of  a  "  divide," 
80  that  a  small  obstacle  was  snfficient  to  turn  the  flow  to  one 
«cle  or  the  other.  The  outflow  took  place  on  this  divide ;  a 
northern  stream  flowed  first,  then  the  Kau  stream,  and  then 
the  Hilo.  The  fissure  ran  by  the  north  side  of  Ked  Hill,  a 
cone  with  a  deep  crater  which  is  still  giving  out  vapors,  and 
this  hill  was  apparently  the  occasion  of  the  turn  off  southward 
of  the  Kau  stream,  it  standing  at  the  point  of  their  divergence. 
Water  boiled  near  this  hill  at  196°  F.  This  Kau  stream  is  in 
general  aa,  but  near  the  source  it  is  pahoehoe.  At  the  upper 
extremity  of  the  fissure  there  is  a  pit  crater,  Pukauahi,  wnich 
is  described  as  the  source  of  the  lavas  and  is  still  smoking.  At 
this  place  also  water  boiled  at  196°  F. 

On  the  route  from  Ainapo  to  the  source  of  the  outflow  of 
1852,  the  lavas  of  the  1852  stream,  where  they  were  first 
reached,  were  of,  the  aa  kind ;  but  after  awhile  there  was  a 
change  to  pahoehoe,  and  soon  after  this  the  source  was  reached 
—a  red  cone  in  the  midst  of  an  extensive  bed  of  pumice, 
long  ditches  or  trenches  occur  in  the  surface  of  the  region 
which  were  evidently  the  beds  of  lava  streams,  their  sides  hav- 
ing been  the  banks.  The  flow  appears  to  have  had  a  single 
outlet.    Water  boiled  at  the  source  at  200°  F. 

Going  from  Ainapo  to  the  source  of  the  eruption  of  188Y, 
in  Kahuku,  about  6000  feet  above  the  sea-level,  Mr.  Baker 
passed  through  regions  of  woods  and  grass  and  saw  seven  run- 
ning streams  and  three  or  four  ponds  of  water.  There  had 
been  heavy  rains.  The  fissure  of  1887,  about  400  feet  above 
the  place  of  outflow,  was  still  giving  out  vapors.  No  deep 
crater  marked  the  place  of  discharge. 

Over  the  wide  region  beween  Mt.  Loa  and  Mt.  Hualalai  it  is 
hard  to  tell  where  the  slope  of  one  ends  and  that  of  the 
other  begins.  The  1859  flow  of  Mt.  Loa  as  it  came  down 
heading  northwestward,  turned  just  enough  northward  to  fetch 
by  the  northeastern  flank  of  Hualalai. 

The  Kau  desert^  \}^^^  to  the  south  and  southwest  of  Ki- 
lauea,  has  a  surface  of  whitish  or  light  colored  sand  with  areas 
of  pahoehoe  lava,  which  is  decomposing  at  places  into  a  red- 
dish soil  It  is  about  eight  miles  by  six  in  area.  It  is  desti- 
tute of  vegetation  and  owes  its  dryness  to  its  being  under  the 
Jee  of  Kilauea. 
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Aht.  VI. — A  QuartZ'Keratophyre  from  Pigeon  Point  and 
Irving* 8  Augite- Syenites ;  by  W.  S.  "bAYLEY. 

(Published  bj  permission  of  the  Director  of  the  U.  S.  Qeological  Sunrej.) 

(I.)  Intboductory. 

One  of  the  most  striking  features  in  the  geology  of  Pigeon 
Point,*  Minnesota,  is  the  occurrence  there  oi  a  bright  red  rock 
along  the  borders  of  the  large  mass  of  olivine-gabbro,  which 
forms  the  main  portion  of  the  point.  This  rod  is  best  seen 
along  the  south  or  Lake  Superior  side  of  the  point  near  it8 
eastern  extremity,  where  its  brilliant  color  when  moistened  by 
the  water,  forms  a  beautiful  contrast  to  the  dark  gray  of  the 
gabbro  with  which  it  is  in  contact. 

The  first  mention  of  the  rock  was  made  by  Dr.  !Norwood,t 
Assistant  XL  S.  Geologist,  in  1851,  who  described  it  as  a  red- 
dish colored  syenitic  rock,  containing  but  a  small  amount  of 
quartz.  About  thirty  years  later  Professor  N.  H.  Winchell, 
of  the  Minnesota  State  Survey,  saw  a  red  rock:}:  associated 
with  gabbro  near  the  extremity  of  Pigeon  Point,  and  a  rock§ 
red  with  orthocilase,  from  its  north  shore  about  a  mile  from  ite 
eastern  extremity,  which  latter  he  mentions  as  having  probably 
originated  by  the  fusion  and  recrystallization  of  the  sedi- 
mentary beds  through  which  the  gabbro  cuts.  A  microscop- 
ical examination  of  this  rock  has  very  recently  been  made  by 
Dr.  M.  E.  Wadsworth,!  who  regards  it  as  an  altered  phase  of 
some  eruptive,  the  original  nature  of  which  he  is  unable  to  de- 
cide from  the  single  section  at  his  command.  Professor  R  D. 
Irving^  in  1881,  described  a  red  rock  from  Brick  Island,  one 
of  the  smaller  of  the  Lucille  group  of  islands,  about  a  mile 
south  of  Pigeon  Point.  He  says  :  "  Its  thin  section  reveals  a 
rock  very  close  to  those  red  rocks  of  the  Keweenaw  Series 
which  I  have  described  under  the  names  of  augite-syenite  and 
granitic  porphyry."  On  Pigeon  Point  also  Professor  Irving 
lound  a  red  rock  which  "  resembles  in  every  particular  the 
rock  from  Brick  Island." 

Similar  red  rocks  have  been  observed  by  several  geologists 
at  various  other  places  in  the  Lake  Superior  region,  but  no 
careful  study  has  been  made  of  any  one  of  them. 

*  For  exact  location  pee  this  Journal.  June,  18S8.  p.  388. 

f  Report  of  a  Geological  Survey  of  Wisconsin,  Iowa  and  Minnesota.     By  D.  D* 
Owen,  U.  S.  Geologist,  Philad.,  1852,  p.  399. 

IGeol.  and  Xat.  Hi.st.  Survey  of  Minnesota  for  1880,  p.  YO. 

I  lb.  for  1881.  p.  57. 

|Geol.   and   Nat    Hist.  Survey  of   Minnesota,     Bulletin   2.     Preliminary  D®" 
scription  of  the  Peridotytes,  Gabbros,  Diabases,  etc.,  of  Minnesota.  1887,  p.  81- 

T^  Copper  Bearing  Rocks,  etc.     Monog.  V.,  U.  S.  G.  S.,  1883,  p.  369. 
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(II.)  Maoboscopioal  and  Micboscopical. 

The  red  rock  of  Pigeon  Point  presents  several  phases  differ- 
;  in  some  respects  from  one  another.  In  its  most  typical 
Dcct  it  is  a  brick-red,  fine  grained,  drusy  rock,  speckled  with 
tie  spots  of  a  dark  green  color.  Scattered  through  the  pre- 
iling  red  feldspar  are  small  grains  of  white  quartz,  which 
metimes  present  well-defined  crystal  outlines.  The  feldspar 
lelf  is  occasionally  observed  with  a  well  marked  cleavage 
.d  rarely  with  a  crystal  outline.  Usually  it  has  no  distinctive 
orphological  characteristics.  In  some  cases  a  small  quantity 
a  light  colored  feldspar  can  be  detected  intermingled  with  the 
d  variety.  The  green  spots  consist  of  little  plates  of  chlori- 
zed  mica. 

Under  the  microscope  the  coarser  grained  of  these  non- 
arphyritic  varieties  are  seen  to  be  composed  essentially  of  an 
^pidiomorphic  granular  aggregate  of  at  least  two  feldspars, 
lartz  and  chlorite,  with  a  few  subordinate  constituents — mus- 
>rite,  nitile,  leucoxene,  magnetite,  hematite  and  apatite. 
The  feldspars  embrace  a  striated  plagioclase,  twinned  accord- 
tg  to  the  Carlsbad  law,  and  in  one  instance  according  to  the 
'anebach  law,  and  a  second,  less  well  individualized  feld- 
)ar,  which  is  younger  than  the  plagioclase,  but  slightly  older 
lan  the  accompanymg  quartz.  It  surrounds  the  plagioclase 
id  is  intergrown  witn  the  quartz  in  micro-pegmatitic  and 
ranophyric  forms.  Both  the  plagioclase  and  the  granophyre 
Wspar  are  colored  by  numerous  httle  plates  of  hematite,  the 
lagioclase,  however,  containing  fewer  of  these  than  the  grano- 
byre  variety.  When  the  latter  occurs  with  its  own  outlines, 
t  it  occasionally  does,  it  appears  to  be  nnstriated,  though  fre- 
iiently  in  Carlsbad  twins.  After  hematite,  apatite,  leucoxene, 
id  little  plates  of  muscovite  or  kaolin,  are  the  most  com- 
lon  inclusions  of  both  varieties  of  feldspar.  In  no  case  could 
ystals  be  found  fresh  enough  to  yield  measurements  of  suflS- 
eat  accuracy  to  determine  tlieir  true  nature. 
The  quartz  is  in  irregular  areas  tilling  in  the  interstices  between 
le  other  constituents,  and  is  also  intergrown  with  red  feld- 
>ar  as  has  already  been  described.  It  contains  numerous  fluid 
unties  with  little  dancing  bubbles,  and  also  inclusions  of  a 
Q8t-like  substance  and  little  areas  of  red  feldspar. 
The  chlorite  owes  its  origin  principally  to  a  formerly  exist- 
ig  biotite.  It  occurs  both  m  little  radiating  spherulites 
fowded  close  together,  and  in  plates  enclosing  quartz  and 
-Mspar.  Calcite,  rutile  and  leucoxene  are  its  most  common 
idusions,  while  the  little  pleochroic  halos*  (Hofe)  character- 
Jtic  of  this  mineral  when  derived  from  biotite,  are  not  rare. 

^For  the  discussion  concerning  the  nature  of  these  halos,  see  Neues  Jahrb.  f. 
K  etc.,  1888,  i,  p.  165. 
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Associated  with  the  chlorite  is  oftentimes  a  very  light  green 
fibrous  mineral,  which  from  its  bright  polarization  coloFBis 
probably  to  be  referred  to  sericite.  Kutile  forms  quite  a 
prominent  constituent  in  some  specimens.  It  is  found  in 
irregular  masses  'of  a  dark  brown  color,  and  also  in  long  rod- 
like forms,  in  both  cases  intermingled  with  leucoxene  and  fre- 
quently with  chloiite. 

A  second  phase  of  the  red  rock  resembles  quartz-porphyry. 
Well  terminated  quartz  crystals  and  occasional  bricK-red  and 
greenish  white  feldspars  are  scattered  through  a  very  fine 
grained  groundmass  of  a  dark  red  or  purplish  color.  This 
variety  is  characterized  under  the  microscope  by  the  beauty  of 
its  granophyre  structure.  All  gradations  between  the  granular 
structure  just  described,  and  the  typical  porphyritic  structure 
have  been  examined,^  and  in  all  there  is  more  or  less  of  the 
true  granophyre.  In  the  most  typical  porphyritic  varieties  the 
porphyritic  crystals  are  both  quartz  and  feldspar.  In  the  less 
perfectly  developed  phases  the  quartz  occurs  in  round,  ellipti- 
cal and  even  crescent-shaped  areas,  and  includes  in  many 
places  portions  of  the  groundmass.  This  quartz  is  perfectly 
clear  and  is  free  from  inclusions  other  than  the  little  fluid 
cavities  with  movable  bubbles  (see  fig.  1.) 

A  very  few  irregularly  outlined  feldspar  areas  represent  the 
porphyritic  crystals  of  this  mineral  in  their  earliest  stages  of 
development.  They  are  now  so  altered  as  to  prevent  the 
identifacation  of  their  species. 

Other  areas  which  appear  in  the  hand  specimen  as  crystab 
are  seen  under  the  microscope  to  be  composed  of  granophyre 
substance  in  which  the  feldspathic  portion  is  very  liighly  col- 
ored  by  little  plates  of  hematite. 

The  groundmass,  in  which  these  crystals  are  imbedded,  con- 
sists of  quartz  and  highly  altered  feldspathic  substance  in 
franophyric  intergrowths.  This  is  in  part  sometimes  replaced 
y  coarser  areas  in  which  the  two  minerals  form  a  micropeg- 
matite.  The  fine  granophyre  is  found  more  particularly  around 
the  distorted  and  corroded  porphyritic  quartzes,  and  in  the 
undeveloped  feldspars  mentioned  above.  It  radiates  from  all 
porphyritic  quartzes  forming  a  zone,  which  in  ordinary  light 
resembles  the  "  quartz  globulaire  "  of  Levy,  but  in  which  th« 
quartz  fibers,  between  crossed  nicols,  are  seen  to  be  optically 
independent  of  the  orientation  of  the  substance  of  the  crystals- 

Chlorite,  iron  hydroxides,  leucoxene,  and  tiny  flakes  of  ^ 
dark  brown  biotite  are  the  accessory  constituents  of  the  ground' 
mass,  Calcite  is  quite  abundant  as  an  alteration  product  of 
some  of  the  fibres  intergrown  with  the  quartz,  and  also  in  the 
little  cavities  contained  in  the  rock.  Green  alteration-products 
are  also  common.     Fig.  1  is  an  ideal  representation  of  the  most 


true   yf  ^  fi- 
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'acteristic  peculiarities  of  the  groundmoBB  and  its  porpliy- 
:  ingredienta  aa  exhibited  bj  several  thin  sections. 
he  microscopical  characteristicB  of  both  the  porphyritic  and 
granular  vanetiee  of  this  red  rock  indicate  the  probability  of 
identity  of  the  two.  Although  the  most  typical  qnartz- 
}hyr^' is  qnite  different  in  structure  from  tiie  typical  gran- 
vanety,  all  gradations  between  tli^  two  types  can  be  recog- 
^d.     Their  mineralogical  i_ 

.position    is    the     same, 
,  as  will  be  shown  later,  p^  ^^--       ^i 

r    chemical   composition         /Tv^l,        '"'" 
dentical.     There  can  be        ^jI-.   -  -*  - 
e  doubt   that    the    por- 
ritic   variety   is    a    true   ; 
Dtive   rock.     It  presents    ; 
the   features   of    Eosen- 
;h'8*    "  Vogesen    grano- 
res."     Since  the  granular 
eties    are   so   similar   to 
,  it  is  also  probable  that 
ie  also  are  eruptive.     No 
:e   of    fragmental    struc 
J  could   be  detected    in  ~~-^-" 

one  of  them,  nor  is  there  any  field  evidence  that  they 
altered  fragmentals.  All  the  field  relations  seem  to  point 
the  originid  character  of  the  rocks.  They  occur  in  dykes 
1  veins  intersecting  other  rocks,  and  the  contact  between 
■ra  and  the  quartzites  which  they  cat,  is  sometimes  clearly 
n.  It  must  be  confessed,  however,  that  without  microscop- 
I  and  chemical  evidence  of  the  identity  of  these  rocks  with 
■  qnartz-porphyry  their  true  nature  would  be  difficult  to  dis- 
'er  from  the  field  relations  alone.  A  more  careful  examiua- 
n  of  the  structure  of  the  point  than  has  thus  far  been  poaei- 
i  will  probably  reveal  facts  which  will  place  beyond  doubt 
'■  conclusions  reached  by  the  microscopical  examination, 
The  quartz-porphyries  are  very  similar  in  macroscopic  and 
eroscopic  appearance  to  the  Keweenawan  quartz -porphyries 
scribed  in  Irving,t  as  flows  in  the  copper-bearing  rocks  on 
"h  sides  of  Lake  Superior.  The  granular  red  rock  ap- 
taches  more  uearly  this  author's  augite-sycnites,  though  the 
It  developed  and  most  characteristic  augite-syenites  are  more 
irly  allied  to  the  third  phase  of  the  red  rock.  The  rock  of 
ick  Island,  which  is  classed  by  Irving  among  the  augite- 
nites  agrees  in  most  of  its  minute  features  with  the  rock 
cribed  above  aa  the  most  prevalent  type  of  the  red  rock  on 
■eon  Point,  as  Irvingf  himself  states. 

t  L.  c,  p.  369. 
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The  third  variety  was  noticed  more  particularly  at  the  con- 
tact with  an  olivine  gabbro,  which  occurs  on  the  point  in 
larger  masses.  As  the  red  rock  approaches  the  gabbro  it  is 
clearly  seen  to  be  affected  by  the  latter  in  such  a  way  as  might 
be  expected  if  both  rocks  were  in  a  pasty  condition  at  the  same 

time,  or  if  one  had  been  intruded  in  or  next  to 
the  other  under  enormous  pressure.  The  red 
rock  becomes  darker  as  it  approaches  the  gabbro. 
The  green  spots,  which  are  scattered  over  the 
red  ground  mass,  become  more  prominent.  They 
are  larger  in  size  and  more  abundant  in  number 
than  in  the  two  varieties  above  described,  and 
in  some  cases  are  united  into  red-like  bodies  and 
arborescent  forms  (fig.  2).  A  light  colored  feld- 
spar is  also  much  more  frequently  discernible  in  this  variety. 
Still  closer  to  the  gabbro  a  rock  is  observed  which  is  very 
dark  in  color,  and  can  be  distinguished  from  the  gabbro  only 
by  the  possession  of  a  reddish  feldspar  among  its  components. 
The  darkest  of  these  rocks  resembles  very  closelythe  orthoclase 
gabbros*  of  Irving,  which  are  supposed  by  Dr.  Wadsworthf  to 
be  but  altered  forms  of  olivinegabbro.  A  discussion  of  this 
point  can  not  be  entered  upon  in  this  place,  but  it  is  hoped 
soon  to  obtain  results  from  the  work  now  being  carried  on, 
which  will  determine  whether  or  not  the  orthoclase  gabbros  may 
have  been  derived  by  the  action  of  an  acid  magma  upon  a  basic 
gabbro  with  which  they  are  always  associated. 

The  lighter  colored  of  these  intermediate  rocks  (as  we  shall 
call  them  for  the  sake  of  brevity)  when  examined  under  the 
microscope  are  found  to  differ  but  little  from  the  red  rocks  de- 
scribed above  They  contain  a  larger  amount  of  plagioclase 
(oligoclase  ?),  of  chlorite,  and  of  biotite,  and  much  more  mao:- 
netite  and  apatite  than  do  the  latter,  but  otherwise  resemble 
them  very  closely.  Micropegmatite  is  more  frequent  than  is 
the  granophyre  intergrowth  of  quartz  and  feldspar,  and  it  is  es- 
pecially to  be  remarked  that  in  almost  every  case  examined  the 
extinctions  of  the  little  quartzes  are  in  the  direction  of  their 
longer  axes.  The  most  noticeable  fact  in  relation  to  them  is  the 
freSiness  of  their  plagioclase,  which  is  usually  in  large  tabular 
or  lath-shaped  crystals. 

When  examined  carefully  and  compared  with  sections  of  Irv- 
ing's  augite-syenites  they  are  seen  to  bear  a  strong  resemblance 
to  some  of  these — a  resemblance  so  strong  that  pictures!  repre- 
senting the  augite-syenites  might  as  well  be  used  to  illustrate 
the  appearance  of  the  Pigeon  Point  rocks  under  the  microscope. 

*  Copper-Bearing  Rocks,  p.  50. 

f  L.  c,  p.  64.     Cf.  also  Herrick  et  al.,  American  Geologist,  June,  1888,  p.  3*0. 

t  Copper-Bearing  rocks,  p.  112,  and  figs.  1,  2,  3,  4,  PI.  XIV. 
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After  a  careful  microscopic  examination  of  every  one  of  the 
thin  sections  of  rocks  described  by  Irving  as  au^ite-syenites 
and  a  comparison  of  these  with  the  typical  red  rock  of  l^igeon 
Point  and  its  associated  intermediate  varieties,  the  conclusion 
is  established  beyond  doubt  that  some  of  the  former  are  in 
every  respect  similar  to  the  typical  red  rock  of  the  point,  while 
the  others  are  as  certainly  identical  in  all  essential  particulars 
with  those  varieties  which  have  been  called  its  intermediate 
varieties. 

(in.)  Chemical  and  General. 

From  a  mere  microscopical  examination  of  different  sections 
of  the  various  phases  oi  the  red  rock  on  Pigeon  Point,  one 
would  naturally  be  lead  to  regard  them  as  portions  of  the  same 
magma  which  had  crystallized  under  different  conditions,  and 
then  had  undergone  more  or  less  decomposition.  They  both 
possess  the  same  mineralogical  composition  and  present  grada- 
tion in  structure  from  the  granular  to  the  porphyritic,  with 
granophyric  groundmass. 

In  oraer  to  obtain  more  positive  evidence  on  this  question^ 
analyses  of  the  quartz-porphyry  and  also  of  the  granular  rock 
were  made  by  Mr.  W.  F.  Hillebrand  in  the  laboratory  of  the 
U.  S.  Geological  Survey,  with  these  results : 

I.  Analysis  of  the  powder  of  seven  of  the  freshest  specimens 
of  the  granular  rock. 

II.  Analysis  of  the  powder  of  three  of  the  quartz-porphyries. 

III.  Analyses  of  the  granite  from  Bejby,  Sweden ;  contain- 
ing red  orthoclase,  gray  and  brownish  gray  quartz,  black  mica, 
and  a  few  flakes  of  a  golden  yellow  mica.* 

1.  II.  IIL 

SiO, 72-42  74-00  73-32 

TiO, -40  -34                   

A1,0, 13-04  12-04  14-25 

FeX), -68  -78                   

FeO 2-49  2-61  2-60 

MnO -09  -06  -09 

CaO.. -66  -85  -83 

BaO 15  -12 

MgO..;.! -58  -42                   

K,0 4-97  4-33  4-90 

Na,0    3-44  3-47  3-21 

Li,0 tr.  tr.  

H,0 1-21  -86  1-22 

P,0^    -20  -06                    

CI tr.  tr.                    

100-37  99-93  10048 

Sp.  Gr.  2-620  2-565 

*  Gerhard:  Neues  Jahrb.  f.  Min.,  etc.,  1887,  ii,  p.  2*71. 
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After  an  inspection  of  these  figures  there  can  be  no  rea- 
sonable doubt  that  the  two  rocks  from  Pigeon  Point  are 
parts  of  the  same  rnafis.  The  very  slight  differences  in 
amount  noted  in  the  case  of  the  silica,  alumina  and  potaal 
are  not  greater  than  are  frequently  found  in  different  portioiw 
of  the  same  hand  specimen  of  most  rocks.  The  slight  differ- 
ence in  specific  gravity  are  what  might  be  expected  from  i 
study  of  the  structure  of  the  rocks. 

Unfortunately  no  complete  analyses  of  Irving's  Keweenawin 
quartz-porphyries  are  given  by  that  geologist,  but  a  few  sil- 
ica determinations  have  been  recorded,  which  are  of  interest 
in  showing  the  close  agreement,  in  this  respect,  between  these 
rocks  of  undoubted  eruptive  origin  and  the  Pigeon  Point  roct 
The  percentages  of  silica  in  three  Minnesota  quartz-porphy- 
ries* are  respectively  71-10,  73-87  and  76*83 ;  thus  differing 
but  slightly  from  the  74  per  cent,  of  the  Pigeon  Point  rock 

In  consideration  of  the  large  amount  of  sodium  indicated  in 
analysis  I,  it  was  thought  interesting  to  separate  the  feldspar 
from  one  of  the  freshest  of  the  red  rocks  and  subject  it  to  a 
chemical  examination.  This  was  done  in  the  usual  way,  and  it 
was  found  that  the  greater  portion  fell  when  the  specific  grav- 
ity of  the  solution  used  was  2'577.  This  was  analyzed  by  Mr- 
Whitfield  of  the  U.  S.  Geological  Survey  with  the  following 
result: 

SiOa  AlaO,        FeaO,        CaO  MgO       KaO        Na,0    Ign 

65-00      18-22         2-64        1-06         0-06       4-18       8*40     •46=100-12 

When  examined  under  the  microscope  the  powder  of  this 
mineral  is  seen  to  be  free  from  quartz  and  quite  homogeneous, 
although  slightly  altered  and  filled  with  little  plates  of  hema- 
tite. Its  optical  constants  could  not  be  accurately  determined, 
but  from  the  figures  given  above  there  can  be  but  little  doubt 
that  the  feldspar  is  an  anorthoclase.f 

If  this  be  true  the  rock  would  fall  into  the  quartz-kerato- 
phyre  grouj)  as  defined  by  Rosenbusch.:|:  Its  microscopical 
charact(;riBtics  correspond  to  those  of  the  quartz-keratophyres? 
as  (hiscribed  by  Giinibel  and  Lessen,  and  the  composition  of  its 
feldKj)ar  is  that  of  an  anorthoclase. 

Many  of  the  quartz-porphyries  of  the  Keweenawan  series,  a* 
w<;ll  as  KoriKj  of  the  augite -syenites  will  probably  be  found  ^ 
bi^loiig  to  thiH  sanie  class  of  rocks — a  class  which  up  to  the  pre^ 
ent  time  Iijik  not  been  known  to  have  a  representative  on  til' 
side  of  the  Athiiitic. 

On(5  of  the  most  interesting  points  in  the  study  of  the  r0 
rorJiH  of  Pig(*on   Point,  has  reference  to  the  origin  of  tho^ 

•  f;o|)fK)r.n«Miriiijf  KockH.  pp.  108,  109,  100,  441. 

\  A  iiorth(M?iiiHi)  wipunit4Mi  from  n  lipnrite  of  Pantelleria.  has  a  oompositi^ 
(iwf'onJiiiK  to  KorHtiMT.  /.nthohr.  f.  Krvst.,  1883,  p.  126)  as  foUows:  SiO,=66*0 
AlJ).  1»"^4,  >'»,()|  0-54,  (.*aO  111,  MgO  Oil.  KtO  5*45,  Na,0  7-63. 

t  Kononhiiach :   MikroHkopische  Phymographie,  1887,  ii,  pp.  434-442. 
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laees  which  are  found  upon  tlie  contact  with  olivine-gabbro. 
3  has  already  been  stated,  the  macroscopical  and  microscop- 
d  characteristics  of  these  rocks  are  such  as  would  lead  to  the 
pposition  that  they  were  produced  by  the  mutual  interfusion 
the  basic  and  acid  rocKs  at  their  points  of  contact.  The 
ild  relations  of  the  three  rocks  leave  no  doubt  as  to  the  fact 
at  the  intermediate  rock  is  the  result  of  contact  action.  That 
is  action  took  place  at  some  distance  below  the  surface  is 
oved  by  the  perfect  crystallization  of  the  constituents  of  the 
termediate  rock.  That  it  was  not  confined  to  the  effect  of 
lutions  passing  from  the  gabbro  to  the  keratophyre,  or  the 
verse,  is  shown  by  the  perfect  freshness  of  the  plagioclase, 
d  its  well-defined  crystal  outlines  in  both  rocks. 
The  best  place  upon  the  point  at  which  to  study  these  rocks 
on  its  south  side,  near  its  eastern  extremity.  Here  the  space 
itween  the  fresh  olivine  gabbro  and  the  typical  quartz-kerato- 
lyre  is  occupied  by  a  series  of  rocks  wliich  exhibit  in  the  field 
gradual  transition  between  the  heavy,  dark  basic  rock,  and 
e  light  red  keratophyre. 

Analyses  and  specific  gravity  determinations  of  several  of 
eee  intermediate  products  substantiate  the  conclusions  arrived 
above. 

IV.  Olivine  gabbro,  analysed  by  Mr.  Hillebrand. 
V.  Intermediate  rock  (No.  11211)  near  the  eabbro. 
VL  Intermediate  rock  (No.  11209)  midway  between  the  red 
rock  and  the  gabbro. 
VEL  Intermediate    r6ck   (No.   11210)    near    the  keratophyre, 

analyzed  by  Mr.  Hillebrand. 

Vlll.  Quartz-keratophyre,  as  given  on  p.  69 

IV.  V.  VI.  VII.  VIII. 

SiO,    49-88  50-69         67-88  67-98  72-42 

TiO     1-19          1-76  -40 

A1,0, 18-66          13-68  13-04 

Fe,0, 2-06          3-11  -68 

FeO 8-37          8-68  2*49 

MnO    -09          -13  -Q9 

CaO 9-72  7-94            4-68  2-01  -66 

SrO tr tr,            

BaO -02          -04  -15 

MgO 5-77          2-87  -58 

K,0 -68          3-44  4-97 

Na,0 2-59          3-56  344 

Li,0 tr.  tr. 

H,0 104         2-47  1-21 

P,0^   ...    -  -16          ..   .            -29  -20 

CI tr 


100-12  99-91        100-33 

Sp.  Gr.  ...    2-923  2-741  2*620 
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Ill  tli«tK4f  njHiiltH  r*an  l>e  traced  the  gradual  transition  from 
iliti  liUMic.  j^iil»liro,  rich  in  calcium  and  mamesium,  and  poor  in 
|MiliirtHiurii,  to  i\\it  add  keratopliyre,  wliicn  is  poor  in  calcium 
itnti  iiia^iKiHiiim  and  rich  in  j^tassium.  We  can  hardly 
liiui^iiu'  llif  itonditioris  under  which  a  rock  of  the  compositioB 
III'  tlm  ^iiI»Im*o  (I  V)  (jould  be  chang^ed  into  a  rock  of  the  com- 
pohititiii  of  thr  iiitt-rmcdiatc  rock  (Til),  by  means  of 'solutioM* 
iMniiniiliii;^:  from  the  k<^ratoi)hyre,  imless  these  solutions  con- 
lainiMl  ill  llidii  the  materiaU  of  the  keratophyre  in  about  the 
proihirtioMH  in  wliirh  they  are  present  in  that  rock,  a  Bup- 
ponitioii  which  in  not  at  alt  probable. 

It  would  HiHMii,  tlien,  that  we  are  justified  in  regarding  the 
Infornnuiiutt*  rock  :is  dui'  to  the  fusion  and  recrystAllization of 
(hn  iii«l«»rinls  of  l>oth  tho  keratophyre  and  the  gabbro,  in  con- 
iio«|urn«v  o!'  ilu»  irruption  of  ono  of  these  rocks  into  the  other 
At  homo  oouHitloral^K*  depth  below  the  surface  of  the  earth, 
>vliiMt»  ilio  ooiulitions  wen^  such  ;is  to  produce  a  rock  with  the 
ohrtru^liMi^iirs  ot'  :i  phitonie  nn^k.  In  other  words  the  inter- 
iiu'dt:tto  nvk  i>  tho  ivsult  of  dtvp  soated  contact  action. 

Aml\>o>  ot*  IrxiuirV  ;mirito-<iyenites  are  not  given,  so  that  a 
oomp^uUon  ^M  thoir  oomjH^iiion  with  that  of  the  intermediate 
*Nvk  v\»^  U.Oi^^^^  x\r.\n,^t  Iv  made.  Their  thin  secrions,  how- 
ex  oi,  iv  !\;iN  ;i-^v:Ki\  Sw.  sMU\l,  exliibit  a  very  close  similantY 
io  n\r,\\  .^i  iV.vVxo  .^t  :V*c  ^v::ue:  rxk^.  Further,  those  with 
0\o^o  . ;.  *M.:.  '>:u-s  a:v  //.w.ivs,  ?*.'  f^r  is  oouid  I*  determined, 
\u  ^■^^^>'  .iN>,vv.j  >vi  \\:V.  i:v»VV''.\  a:..:  ir.  inany  oaises  are  also 
\  V* ^  \  '. . X4!;    4    V ,  *  1 V  .*, .'  /.  'Pi'*  i  r*.  v  k  :vs<"  lu":  '.ii;^:  ii.e  quaru-kerato- 

V',    ■-..<   ,-^^x,".  .,^   .•:   >■  :'^.  :>:tr,  r^ay  r*?  divided  into 

i\\,^  ,    v-^^v       ,\v,    \^     .      1-,     .'v-,   :S:  :  :iirrr'kfrai*:»phyTe,  do- 

>%     "sv    •.   ,*sv  ^   ,•        ^><  V.     ;•  t'^-  S.V. '  jjr*::  "ri-e -x^ntaoi  roct 

, '-x,    •  \        .^1    . -,»•    .  "iv'  -"ts   :"  "Jir  sense  that 

,^      ",  •  \^         :    •.  > .  \l  ">*■ ':>   "      Tr.t"    il'cr^fc^ivH  of  a 

^     -  .  .  .  .       ',    ,       •..:».•:  ^.^-ZT;;*!  :?».3i  4^^  solidi- 


%  ^  .'  "«•■.  X  .     "* 


•     V 


tl~i'*4~':c    1.AS  taken 
.-s       -  Tsii:.:    is  i.;»T  ij^f  case. 
'^  -    •     \'        •     ; :—   :  r.:.-.  n     i    il-eir  teW- 

•   •.  ^  ';   u»:   n;.!.*^  "wri  the 

t.       '.    ■    •    ::•  ST    ,*i:ii-"T*r:eri5tic 

^  :    r"*..^*  a.  :a:  ir«  dne 


*       .N. 
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(IV.)  Conclusions. 

id  rock  on  Pigeon  Point  is  not  an  altered  gabbro  nor 
1  sedimentary  rock,  but  is  the  result  of  the  solidifi- 
•  a  magma,  which  under  certain  conditions  ffave  rise 
with  tie  characteristics  of  a  granophvre.  fhese  two 
itain  a  sodium-potassium  feldspar,  and  thus  should  be 
nong  the  quartz-keratophyres. 

:he  contact  of  the  quartz-keratophyre  with  an  olivine- 
s  a  series  of  rocks,  which  possess  a  composition  inter- 
between  those  of  the  keratophyre  ana  the  gabbro. 
y  be  regarded  as  the  result  of  contact  action  at  great 

's  augite-syenites  are  similar  to  the  Pigeon  Point 
Tatopnyre,  in  some  instances,  and  in  others  are  like 
mediate  rocks.  They  are  neither  altered  gabbros  nor 
)rms  of  a  previously  existing  augite-syenite. 

il  Laboratory  of  Colby  University,  June  26,  1888. 


I. —  On  the  occurrence  of  Ilanlcsite  in  California  /  by 

Henry  G.  Hanks. 

bst  known  locality  of  hanksite  in  California  is  Borax 
ned  by  the  San  Bernardino  Borax  Company.  This 
in  township  twenty-five  South,  range  forty  three  East, 
)iablo  base  and  meridian,  and  in  the  northwest  comer 
Bernardino  county,  the  largest  in  the  state,  very  near 
county  line.  Tnis  vast  deposit  of  soluble  salts  was 
jd  and  located  February  14,  1873,  by  Dennis  Searles 
[.  Skillings.  Up  to  the  present  time  it  has  produced 
Dns  of  borax,  and  is  still  far  from  being  exhausted, 
le  st^te  becomes  more  populous,  and  facilities  for 
Tansportation  multiply,  other  minerals  will  also  be  ex- 
o  the  benefit  of  those  interested,  as  well  as  to  the  State. 
30-called  "Dry  Lake,"  "Alkali  Flat"  or  "Salt 
is  a  pan- like  depression  in  the  desert,  ten  miles  long 
wide  more  or  less.  It  is  the  sink  of  a  wide  spread 
d  and  a  small  stream  which  heads  some  fifty  miles 
t  is  the  opinion  of  those  who  have  long  resided  at  or 
locality,  tnat  it  is  a  secondary  sink  of  Owens  Valley 
artly  fed  by  seepage  from  Owens  and  Little  Lakes, 
late  is  generally  very  dry,  but  during  some  seasons, 
ble  water  finds  its  way  to  this  depression.  Having 
,  the  water  spreads  out  and  forms  a  shallow  lake  or 
In  the  dry  season  the  surface  is  covered  with  an  alka- 
astation,  which  is  principally  common  salt.     On  the 
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western  margin  of  the  large  depression  lies  a  small  basin 
known  as  "  Borax  lake  proper,''  which  has  approidmate  dimen- 
sions of  one  mile  and  a  half  in  length  by  half  a  mile  in  width. 
From  this  secondary  lake,  and  the  dividing  ridge  referred  to 
below,  most  of  the  borax  produced  has  been  taken. 

Between  Borax  Lake,  which  is  a  few  feet  higher  than  the 
general  level,  and  the  wide  alkali  flat,  there  is  a  slight  ridge, 
which  acts  as  a  natural  dam  and   prevents  the  water  frona 
flowing  away.      It  is  covered  with  crude  borax  which  is  be- 
lieved to  be  of  semi-volcanic  or  solfataric  origin.     This  barrier 
i)revents  the  water  of   the  borax  lake   from   flowing  to  still 
ower  depressions  on  the  great  alkali  flat  beyond.     The  water 
of  Borax  Lake  is  a  dark  brown  highly  concentrated  alkaline 
liquor,  having  a  density  of  28   degrees  Beaum6.     The  salts 
obtained  from  it  by  crystallization  contain  carbonate,  chloride 
and  biborate  of  sodium,  with  much  organic  matter.     There 
has  never  been  an  exhaustive  analysis  made,  which  would,  no 
doubt,  be  very  interesting. 

For  a  number  of  years  it  was  planned  to  explore  or  prospect 
the  underlying  formations  both  as  a  matter  of  general  inter- 
est, and  in  the  hope  of  finding  the  source  of  tne  borax  and 
other  salts.     After  much  delay,  work  was  finally  commenced 
in  1887,  and  carried  on  under  many  difficulties,  owing  to  the 
natnre  of  the  ground.     The  bottom  of  the  lake  was  found  to 
be  of  a  remarkably  sticky,  tenacious,  plastic  clay,  described  as 
being  "tough  as  wax."     To  avoid  the  difficulty  of  keeping 
back  the  alkaline  water  by  coffer  dams  or  other  similar  con- 
trivances, the  first  experimental  well  was  commenced  on  the 
ridge  before  mentioned.     It  was  sunk  by  spring-pole  drills  to 
a  depth  of  three  hundred   feet.     The  following  is  a  section 
careiuUy  kept  by  Mr.  Searles : 

1.  Two  feet  salt  aud  thenardite. 

2.  Four  feet  clay  and  volcanic  sand  containing  a  few  crystals 
and  bunches  of  hanksite. 

3.  Eight  feet  volcanic  sand  and  black  tenacious  clay  with 
bunches  of  trona  of  black  shining  lustre  from  inclosed  mud. 

4.  Eight-foot  stratum,  consisting  of  volcanic  sand  in  which  is 
found  glauberite,  thenardite  and  a  few  flat  hexagonal  crystals  of 
hanksite. 

5.  Twenty-eight  feet  of  solid  trona  of  uniform  thickness.  Other 
bormgs  show  that  this  valuable  mineral  extends  over  a  large  area* 

6.  Twenty-feet  stratum  of  black,  slushy,  soft,  mud,   smelling 
strongly   of  hydrosulphuric  acid,  in  which  there  are   layers   of 
glauberite,  soda  and  hanksite.     The  water  has  a  density  of  30 
Beau  me. 

7.  Two  hundred  and  thirty  feet  (as  far  as  explored),  of  broW^ 
clay,  mixed  with  volcanic  sand,  and  permeated  with  hydrosuV- 
pliuric  acid. 
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Overlying  No.  5,  is  a  thin  seam  or  stratum  diffienlt  to  pene- 
.te,  to  which  the  name  "hard  stufE"  has  been  given,  the 
act  nature  of  which  is  unknown. 

Borax  is  produced  at  these  works  by  three  different  methods. 
7  evaporating  natural  solution  of  borax ;  by  lixiviation  of 
ade  material ;  and  by  solution  and  re  crystallization  of  tincal. 
'hat  is  known  as  **  crude  material "  is  a  somewhat  pulveru- 
nt,  slightly  yellowish,  amorphous  incrustation  whicn  yields 
X)ut  eight  per  cent,  of  borax  when  worked  on  a  lar^e  scale. 
Borax  is  obtained  from  this  crude  material  by  solution  and 
^aporation  The  plant,  which  is  very  extensive,  and  owing 
)  tne  distance  and  isolated  position  of  the  deposits,  costly,  con- 
ists  of  a  large  steam  flue  boiler,  and  a  multitude  of  boiling 
nd  crystallizing  tanks,  of  wood  and  boiler  iron.  Steam  is 
onveyed  in  pipes  to  the  various  tanks,  instead  of  utilizing  the 
leat  of  the  sun,  which  would  be  more  economical  and  the 
ield  and  quality  quite  as  good.  The  peculiar  dryness  of  the 
Kmate  is  specially  favorable  for  solar  evaporation  and  gradu- 
tion.  Fifty  men  and  thirty-five  animals  are  employed  in 
hese  works.  The  product  is  hauled  jn  wagons  to  Mohave 
tation,  a  distance,  of  about  seventy  miles,  over  a  sandy  desert, 

0  dry  and  sterile  that  a  supply  of  water  must  be  hauled  in 
ther  wagons  for  the  use  of  men  and  animals.  The  fuel  used 
lasbeen  generally  the  sage- brush  which  is  gathered  at  heavy 
ost,  and  thrown  under  the  boilers  with  pitchforks,  like  hay 
Qto  a  bam ;  but  recently,  California  crude  petroleum  has  been 
Qbstituted. 

Hanksite  first  came  to  San  Francisco  in  the  massive  form 
nd  was  called  by  the  borax  miners  "  Ice,"  which  it  certainly 
^sembled.     It  was  examined  in  the  usual  manner  and  found 

1  be  an  anhydrous  sulphate  of  soda,  and  was  labelled  thenar- 
ite.  No  analysis  was  made  and  the  small  proportion  of  car- 
onic  acid  was  overlooked  in  the  blowpipe  examination.  The 
ext  specimens  received  were  small  hexagonal  plates,  found  in 
ie  highly  concentrated  waters  of  the  lower  laka  These  went 
>  New  Orleans  with  the  California  exhibit,  and  were  shown 
t  the  exposition  of  1884-5,  where  they  attracted  the  attention 
f  Mr.  W  illiam  Earl  Hidden,  who  was  the  first  to  suspect  a  new 
pecies.  The  results  of  his  study  of  the  crystals  led  to  a  paper 
y  him,  which  he  read  before  the  New  York  Academy  of 
fences.  May  25,  1885.* 

,  The  magnificent  crystals  recently  discovered  were  tak^ 
^rom  the  sandy  clay  No.  2  of  the  section,  and  No.  7,  seventy 
feet  or  more  below  the  surface.     There  were  not  more  than 

•This  Journal,  xxx,  133,  1885. 

^  Jour.  Scl— Third  Series,  Vol.  XXXVII,  No.  217.— Jan.,  1889. 
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thirty  in  all.  About  the  time  of  their  discovery,  work  was 
suspended.  It  will  not  be  resumed  for  several  months,  when 
it  is  to  be  hoped  that  enough  will  be  obtained  to  supply  the 

scientific  world  with 
specimens.        The 
form  of  these  crys- 
tals is  shown  in  ng^ 
ure  l,f  the   planes 
present  are:  <?(0001, 
0\  m  (1010,  7),  0 
(1011,1),  «(202l, 2). 
What  Mr.  Searles 
calls    "bunches  of 
hanksite"    are  ag- 
^egations    of    flat 
hexa^nal    plates 
joined  togetner  in  a 
confused     irr^nlar 
manner.     They  vary  in  size  from  an  inch  or  less  in  diameter 
to  eight  inches  or  mgre.      One  of  these  crystals  is  shown 
in  figure  2.     The  crystals  also  vary  in  size,  tne  largest  being 
three  inches,  and  the  smallest  half  an  inch  or  less  in  diameter. 
Some  of  the  bunches  have  been  accidentally  subjected  to  the 
action  of  comparativelv  pure  water,  by  which  partial  solution 
has  taken  place,  not  only  marring  the  beauty  of  the  individnal 
crystals,  but  leaving  the  clusters  in  a  dilapidated,  cavemoos 
condition.     In  the  dark,  concentrated,  amber-colored  water  of 
the  borax  lake,   they  remain  unchanged.      A  rare  prismatic 
form  is  shown  in  figure  3. 

Hanksite  is  known  to  occur  also  in  the  borax  fields  of  Death 
Valley,  Inyo  County,  and  there  are  several  known  localities  in 
the  state  of  Nevada. 

The  following  minerals  have  been  found  associated  with 
borax  in  San  Bernardino  County : 

Anhydrite,  caleite.  celestite,  cerargyrite",  colemanite,  dolo- 
mite, embolite,  gay-lussite,  glauberite,  gold,  gypsum,  halite, 
hanksite,  hydrosulphuric  acid,  natron,  soda  niter,  sulphur,  the- 
nardite,  tincal,  trona. 

It  is  the  opinion  of  the  writer  that  instead  of  being  a  rare 
mineral,  hanksite  will  be  found  in  great  abundance,  and  it  will 
be  proved  that  it  plays  an  important  and  active  part  in  the 
metamorphoses  that  produce  gay-lussite,  thinolite  and  perhaps 
borax. 

San  Francisco,  October  20,  1888. 


*  These  figures  have  been  drawn  by  Mr.  E.  F.  Ayres  of  Yale  University. 
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.   VIII. — Sperrylitej  a  new    Mineral;    by  Horace  L. 

Wells. 

SMALL  quantity  of  the  remarkable  mineral  which  is  the 
3ct  of  this  article  was  sent  to  the  writer  in  October  of  the 
int  year  by  Mr.  Francis  L.  Sperry  of  Sudbury,  Ontario, 
ida,  chemist  to  the  Canadian  Copper  Co.  of  that  place.  A 
tests  8u£5ced  to  show  that  it  was  essentially  an  arsenide  of 
num  and  consequently  of  great  interest,  since  platinum  has 
3een  found  before,  at  least  as  an  important  constituent,  in 
minerals  except  the  alloys  with  the  other  metals  of  the 
num  group. 

nee  the  time  mentioned  Mr.  Sperry  has  furnished,  with 
t  liberality,  an  abundance  of  the  material  for  investigation 
has  given  the  following  account  of  its  occurrence : 
The  mineral  was  found  at  the  Vermillion  Mine  in  the  Dis- 
of  Algoma,  Province  of  Ontario,  Canada,  a  place  22  miles 
;  of  Sudbury  and  24  miles  north  of  Georgian  Bay,  on  the 
of  the  Algoma  Branch  of  the  Canadian  racific  Kail  way. 
mine  was  discovered  in  October,  1887,  and  a  3  stamp  mill 
put  up  for  the  purpose  of  stamping  gold  quartz.  Associ- 
with  this  gold  ore  are  considerable  quantities  of  pyrite, 
copyrite  and  pyrrhotite,  and,  at  the  contact  of  ore  and  rock 
occupying  small  pockets  in  decomposed  masses  of  the  ore, 
•e  is  a  quantity  of  loose  material  composed  of  gravel  con- 
ing particles  of  copper  and  iron  pyrites.  It  was  in  milling 
loose  material  that  several  ounces  of  the  arsenide  of  plati- 
i  were  gathered  on  the  carpet  connected  with  the  stamp- 
.  Through  the  kindness  of  Mr.  Charlton,  the  genial  Presi- 
fc  of  the  Vermillion  Mining  Co.,  all  of  the  mineral  that  was 
lable  was  generously  placed  at  my  disposal.^' 
;  may  be  mentioned  here  that  Mr.  Sperry  sent  me,  a  few 
ks  before  sending  the  arsenide,  a  minute  bead  which  he 
obtained  in  making  a  fire-assay  for  gold  on  an  ore,. consist- 
chiefly  of  chalcopyrite  and  pyrrhotite,  which  came  from 
same  mine  where  the  arsenide  was  found  but  which  was 
the  material  in  which  it  actually  occurred.  This  bead  on 
Qiination  proved  to  be  composed  largely  of  metals  of  the 
inum  group,  and,  from  the  color  of  the  precipitate  pro- 
ed  by  ammonium  chloride,  it  was  thought  that  it  contained 
irge  proportion  of  iridium,  but  its  small  size  prevented  a 
3factory  examination.  With  this  bead  in  mind,  I  expected 
:  the  new  mineral  would  contain  a  considerable  amount  at 
t  of  iridium,  but,  strangely  enough,  none  of  this  metal  was 
nd  in  it  The  material  as  received  consisted  of  a  heavy, 
iliant  sand  composed  largely  of  the  arsenide ;  but  intermixed 
h.  this  a  considerable  amount  of  fragments  of  chalcopyrite, 
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pyrrhotite  and  some  silicates  could  be  seen.  In  order  to  purify 
the  substance  it  was  treated  for  a  short  time  with  warm  aqua 
regia  to  remove  sulphides,  etc.;  then  it  was  treated  for  a  long  time 
with  hot  hydrofluoric  acid  to  remove  the  silicates.  After 
these  treatments  the  sand  possessed  great  brilliancy,  but  it  wm 
found  by  microscopic  examination  to  contain  some  transparent 
grains  which  on  chemical  examination  proved  to  be  staunic 
oxide.  Prof.  S.  L.  Penfield  kindly  exammed  these  grains  and 
found  that  they  corresponded  perfectly  in  their  optical  proper- 
ties with  cassiterite. 

Nearly  all  the  grains  of  the  new  mineral  showed  extremely 
brilliant  crystal-faces,  though  most  of  the  crystals  were  frag- 
mentary ;  in  size  they  were  mostly  between  '05  and  '5°^  (y^ 
and  ^  inch)  in  diameter. 

The  color  of  the  mineral  is  nearly  tin  white  or  about  the 
same  as  that  of  metallic  platinum ;  the  fine  powder  is  black. 

The  specific  gravity  taken  twice  on  the  same  8  grams  of  mate- 
rial, was  10-420  and  1 0*42  i  at  20°  ;  this  material  was  the  same 
that  was  used  for  analysis,  and,  correcting  the  average  of  these 
results  for  4*62  per  cent  of  cassiterite,  the  true  speciSc  gravity 
becomes  10'602. 

The  sand  is  not  easilv  wet  by  water  and  shows  a  marked 
tendency  to  float  when  brought  to  its  surface.  By  placing  t 
shallow  layer  of  water  upon  the  mineral  in  a  vessel  it  is  easy 
to  nearly  cover  the  surface  of  the  water  vrith  a  continuous 
layer  of  the  crystals  by  inclining  the  vessel  repeatedly  so  that 
they  are  brought  to  the  surface.  This  phenomenon  is  not  dne 
to  any  oily  substance  upon  the  particles,  for  they  float  with 
equal  readmess  after  being  boiled  with  a  strong  solution  of  pot- 
ash and  washed  with  alcohol  and  ether.  When  they  are  float- 
ing upon  water  it  is  quite  diflicult  to  cause  them  to  sink,  and 
when  carried  to  the  bottom  by  a  stream  of  water  they  fre- 
quently carry  down  small  bubbles  of  air  which  they  completely 
surround  and  hold  down  by  their  weight.  If  ether  is  poured 
upon  water  on  which  they  are  floating,  they  remain  suspended 
between  the  two  liquids,  and,  by  agitation,  can  frequently  be 
made  to  sink  to  the  bottom  in  spherical  clusters  surrounding 
globules  of  ether. 

The  mineral  is  only  slightly  attacked  by  aqua  regia;  even 
when  it  is  very  finely  pulverized  and  the  strongest  aqua  regis 
is  repeatedly  applied  with  the  aid  of  heat  for  several  days,  uie 
solution  is  only  partial. 

Pyrognoatics. — The  mineral  decrepitates  slightly  when 
heated.  In  the  closed  tube  it  remains  unchanged  at  the  fusing' 
point  of  glass.  In  the  open  tube  it  gives  very  readily  a  subb- 
mate  of  arsenic  trioxide  and  does  not  fuse  if  slowly  roasted,  but 
if  rapidly  heated  it  melts  very  easily  after  losing  a  part  of  th^ 
arsenic.    Perhaps  its  most  characteristic  reaction  is  the  ioMoW- 
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g:  when  dropped  on  a  red  hot  platinum  foil  it  instantly 
elts,  gives  off  white  fumes  of  arsenic  trioxide  having  little  or 
>  odor,  and  porous  excrescences  are  formed  on  the  platinum 
hich  do  not  differ  in  color  from  the  untouched  foil. 
Chemical  analyais. — The  following  analyses  of  the  mineral 
ere  made  after  a  considerable  amount  of  preliminary  work 
id  been  done  on  it,  the  results  of  which  connrm  these  figures. 

Ratio. 


L 

II. 

Mean. 

As 

40^91 

4105 

40-98-f- 

Sb 

©•42 

0^59 

0-50-h 

Pt 

52-53 

52-60 

52-67-^ 

Rb 

0-75 

0-68 

0-72-^ 

Pd 

trace 

trace 

trace 

Fe 

0-08    • 

0-07 

0^07 

SnO, 

4.69 

4-54 

4-62 

0-98--   ^5  =  -546) 
0-50^122  =  -004[  ^^"-^ 

-197=-267)      . 
-M04=-007  )   ^^*-^ 


99^38 


99-53 


99-46 


The  composition  is  consequently  represented  by  the  formula 
^tAs„  a  small  portion   of  the  platinum   and   arsenic   being 
eplaced  respectively  by  rhodium  and  antimony.     In  composi- 
ion  this  mineral  appears  to  be  nearer  Wohler  s  laurite*  than 
my  other  mineral  now  known.     The  foi-m  of  both  is  isome- 
:ric,f  but  their  composition  is  apparently  not  quite  analogous 
since  the  formula  oi  laurite  is  given  as  EuSj+^^Ru^Os.    It 
is  possible  that  the  latter  formula  is  slightly  incorrect  since 
Wohler  used  an  extremely  small  quantity  ('3145  gram)  for  his 
analysis  and  acknowledged  the  uncertainty  of  his  results.     It 
is  also  to  be  noticed  that  the  composition  of  the  mineral  cor- 
responds to  that  of  the  artificial  platinum  arsenide  made  by 
Murray.J     The  writer  has  confirmed  the  composition  of  this 
artificial  arsenide  by  heating  a  known  weight  of  platinum  to 
redness  and  passing  over  it  vapor  of  arsenic  in  a  current  of 
hydrogen.     The  following  are  the  results  of  the  experiments  : 


Pt  taken. 

As  absorbed. 

Katio. 
Pt        As 

I 

II 

m 

•3806 

•5725 

1^0657 

•2922 
•4354 
•8112 

1     :  2-02 
1     :  2-00 
1     :  2-00 

It  was  noticed  in  these  experiments  that  the  arsenic  com- 
bines with  the  platinum  with  incandescence  and  the  alloy  melts 
even  below  a  red  heat  after  a  part  of  the  arsenic  has  been  taken 
%  At  the  end  of  the  operation,  however,  the  fused  globule 
solidifies,  throws  out  peculiar,  arborescent  forms  and  the  PtAs, 
remains  as  a  porous  and  very  brittle  mass  which  is  neither 
fnsed  nor  changed  in  composition  when  heated  to  bright  red- 

*  Ann.  Oh.  Pharm.,  cxxxix,  1 1 6. 

T  See  next  article  for  crystalline  form  of  Sperrjltte.  X  Watt's  Dictionary. 
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ness  in  hydrogen.  In  its  behavior  with  solvents  and  its  pyrog- 
nostic  properties  the  artificial  compound  agrees  exaictly  witli 
the  natural  mineral. 

Method  of  amzLysis, — The   amount  of  substance  taken  for 
each  analysis  was  about  1*5  g.     The  pulverized  substance  was 
gradually  heated  in  a  current  of  chlorine  gas  and  the  volatile 
chlorides  were  absorbed  by  water  in  a  receiver.*    This  liquid 
was  made  ammoniacal  after  adding  a  very  small  quantity  of 
tartaric  acid  to  keep  the  small  amount  of  antimony  in  solution 
and  the  arsenic  was  determined  as  magnesium  pyroarseniate. 
From  the  filtrate  from  the  ammonium  magnesium  arseniate, 
antimony  and  a  trace  of  platinum  were  precipitated  as  sul- 
phides, the  sulphide  of  antimony  was  dissolved  in  strong  hydro- 
chloric acid,  the  sulphide  was  reprecipitated,  filtered  on  asbee- 
tus  and  weighed  after  proper  heating  in  a  current  of  carbon 
dioxide,  while  the  trace  of  platinum  sulphide  was  ignited  and 
the  residue  was  added  to  the  main  part  of  the  platinum  left  by 
treatment  with  chlorine.     This  part  was  treated  with  dilute 
aqua  regia ;   this  left   an  insoluble  residue   consisting  of  cas- 
siterite  and  a  finely  divided  black  substance  which  had  been 
found  by  previous  qualitative  tests  to  be  rhodium.     This  resi- 
due was  fused  with  sodium  carbonate  and  sulphur,  the  insoln- 
ble   rhodium   sulphide   formed   was  ignited   in   air,   then  in 
hydrogen  and  weighed,  while  the  tin  was  determined  as  stannic 
oxide  in  the  usual  way.     The  purity  of  the  rhodium  was  shown 
by  its  complete  solubility  in  fused  potassium  disulphate,  also 
by  finding  that  it  gave  no  sodium  double  chloride  soluble  in 
alcohol  alter  ignition  with  sodium  chloride  at  a  faint  red  heat 
in  a  current  of  chlorine.     About  f  of  the  total   rhodium  was 
found  here.     The  purity  of   the  stannic  oxide  was  shown  by 
reducing  it  in  hydrogen  and  dissolving  the  metal  in  hydra- 
chloric  acid. 

The  solution  in  aqua  regia  containing  platinum  with  a  little 
rhodium  and  iron  and  a  trace  of  palladium  was  treated  for  the 
platinum  metals  essentially  by  the  method  of  Glaus  ;f  the  main 
variations  being  a  repeated  separation  of  platinum  from  rhod- 
ium and  the  weighing  of  platinum  as  metal.  A  distinct  but 
extremely  small  precipitate  of  palladium  cyanide  was  obtained, 
but  the  amount  of  palladium  was  too  small  to  sensibly  affect 
the  balance  when  an  attempt  was  made  to  weigh  it. 

The  name, — The  writer  takes  great  pleasure  in  naming  this 
interesting  mineral  after  Mr.  F.  L.  Sperry,  to  whose  efforts  this 
investigation  is  due. 

Sheffield  Laboratory,  Dec.  12,  1888. 

*  Preliminary  experiments  with  the  artificial  compound.  PtAsa,  had  shown  thlt 
all  the  arsenic  passes  off  in  this  operation  if  the  heat  is  applied  slowly  enough 
80  that  the  substance  does  not  melt  after  losing  a  part  of  its  arsenic 

f  Rose  iind  Finkener,  analytische  Cheroie,  6^«  Aufi.,  vol.  ii,  p.  2  :6. 
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Akt.  IX. — On,  the  Crystalline  farm  of  SperryUte  /  by 

8.  L.  Penfikld. 

The  crystalline  form  of  sperrylite  is  isometric;  pyritohe- 
4raL    Simple  cabes  are  common,  octahedrons  are  exceptional, 
while  the  majority  of  the  crystals,  which  are  usually  fragmen- 
tary, show  combinations  of  cube  and  octahedron.     The  first 
crystal  which  was  selected  for  measurement  was  a  fragment 
showing  the  above  mentioned  combination ;  one  of  its  central 
octaheoral  faces  being  imperfect,  the  best  measurements  were 
if  "f   obtained  from  a  cubic  to  an  adjoining  octahedral  face.     The 
results,  which  are  given  below,  are  very  satisfactory  consid- 
ering the  small  size  of  the  crystals,  and  prove  that  the  mineral 
is  isometric ;  it  mav  also  be  said  that  where  the  reflections  were 
sharpest  and  best  the  values  came  nearest  to  the  theoretical. 

Calculated. 
a^o  001  ^  II  1         54**  34'        64°  44' 

"      OOJ^lIl         64    46 

"      100  A  111         64     35 

"      100  A  III         64     45  *' 

OAtt  100  A  001         90       2  90" 


St* 


6. 


At  first  only  the  above  mentioned  forms  were  detected,  but 
on  sifting  off  the  smallest  crystals  and  carefully  looking  over 
the  largest  ones  some  were  detected  which  suggested  pyrite 
forms.  The  chemical  relation  of  the  mineral  rtAs,  to  the 
minerab  of  the  pyrite  group  caused  me  to  make  a  very  careful 
search  for  pyritohedral  forms,  which  was  fortunately  successful. 
Cubes  with  replacement  of  the  edges  are  very  exceptional ;  a 
number  of  them  were  found,  however,  and  in  all  cases  the  re- 
placements, which  were  necessarily  small  and  frequently  failed 
on  some  of  the  edges,  had  the  arrangement  required  by  the 
combination  of  cube  and  pyritohedron.  The  best  crystal  se- 
lected for  measurement  was  the  top  of  a  cube  measuring  0"35  X 
0-46""  in  combination  with  octahedron  and  two  small  but  well 
developed  pyritohedral  faces ;  the  latter  gave  very  good  reflec- 
tiona.     The  measured  angles  are 

Calculated. 
»-tAt-2  001  A  102         26*   28'        26"  34' 
»*         001aI02         26     31 

Another  crystal  which  was  carefully  measured  was  an  irregu- 
lar one  measuring  0*85  and  0'55™°*  in  two  diameters;  this 
was  developed  in  all  directions ;  in  one  zone  the  four  cubic  and 
four  pyritonedral  faces  were  all  present  in  their  proper  order 
and  frave  satisfactory  measurements,  in  a  second  zone  four  cubic 
and  two  pyritohedral  faces  were  found  and  in  the  third  zone 
four   cubic  and  one  truncating  rhombic   dodecahedral   face 
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were  detected ;  this  is  the  only  case  in  which  a  dodecahedral 
(110)  face  was  found.  In  a  few  cases  the  characteristic  combi- 
nation of  octahedron  and  pyritohedron  was  detected,  bnt  the 
latter  faces  were  always  very  small.  These  results  are  most 
satisfactory  and  from  the  number  of  crystals  which  have  been 
examined  and  measured,  in  all  of  which  the  pyritohedral  faces 
occur  with  their  proper  order  and  arrangement,  the  hemihedral 
nature  of  the  mineral  can  not  be  doubted.  Some  of  the  crys- 
tals are  somewhat  rounded  find  probably  other  isometric  forms 
are  present  but  none  of  them  were  determined;  The  faces  on 
the  crystals  are  usually  very  flat  and  must  be  very  highly  pol- 
ished to  give  such  satisfactory  measurements.  It  may  also  be 
noted  that  the  cubic  faces  are  not  usually  striated  parallel  to 
their  intersection  with  the  pyritohedron  as  is  common  in  pyrite, 
although  it  was  a  slightly  striated  cube  which  first  called  my  at- 
tention to  the  pyritohedral  nature  of  the  crystals. 

The  first  attempts  to  determine. the  pyritohedral  faces  of  the 
mineral  yielded  results  which  were  very  perplexing  but  whicli 
are  not  without  interest.  Cubes  with  pyritohedral  faces  were 
found  and  measured  giving  repeatedly  the  anele  of  cube  on 
pyritohedron  between  29^°  and  30^°,  the  pyritohedral  faces 
always  giving  poor  reflections.  The  calculated  value  of  iri  on 
i-J,  001  a40y  being  29°  45'.  The  pyritohedral  arrangement  of 
the  faces  was  perfect  but  I  always  failed  to  find  the  common 
pyrite  form  i{i-2)  7r(210).  On  talking  this  over  with  Professor 
W  ells  he  stated  that  all  of  the  material  which  he  had  given  to  me 
had  been  cleaned,  as  for  analysis,  with  aqua-regia  and  that  per- 
haps the  acid  had  had  some  action  on  the  faces,  as  the  mineral 
was  not  wholly  insoluble.  He  therefore  gave  me  some  mate- 
rial which  had  not  been  cleaned  with  acid  and  the  results  which 
were  given  earlier  in  this  article  were  obtained  from  it.  The 
aqua-regia  seems  to  have  no  effect  on  the  cubic  and  octahedral 
faces,  at  least  not  enough  to  diminish  their  power  of  reflectiDg 
light,  for  the  first  measurements  given  in  tne  article  of  cube 
on  the  octahedron  were  obtained  from  a  crystal  which  had  been 
cleaned  with  acids ;  the  acids  have,  however,  a  very  decided  ac- 
tion on  the  pyritohedral  faces,  nearly  destroying  their  power 
of  reflecting  light  and  perceptibly  changing  their  angla 

To  sum  up  the  cry  stall  ographic  observations,  the  crystals 
usually  show  the  combination  of  cube  100,  i-i ;  octahedron 
111,  1  ;  pyritohedron  ;r(210),  i(i-2)  and  very  rarely  dodecahe- 
dron 110,  i.  Taken  in  connection  with  the  chemical  results  the 
mineral  takes  a  place  in  our  classification  in  the  pyrite  group 
where  an  atom  of  a  metal,  usually  Fe,  Co  or  Ni  is  united  witn 
two  atoms  of  either  S,  As  or  rarelv  Sb,  or  an  isomorphons 
mixture  of  them.  As  this  is  the  first  time  that  platinum  has 
been  found  in  combination  as  a  mineral  it  may  be  noted  that 
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Fe,  Co,  and  Ni  and  the  metals  of  the  platinum  gronp  fall  in 
the  same  series  in  MendelejefiPs  periodic  system  of  the  ele- 
ments, which  gives  additional  grounds  for  putting  this  mineral 
in  the  pyrite  group. 

The  nardness  of  the  mineral  is  between  6  and  7,  which  was 
determined  by  placing  selected  crystals  on  a  bright,  feldspar 
sorface,  pressmg  down  on  them  with  a  soft  pine  stick  and  rub- 
bing bacK  and  forth ;  the  sperrylit-e  repeatedly  cut  into  the  feld- 
spar but  could  not  be  made  to  scratch  quartz.  The  crystals 
have  no  distinct  cleavage  but  are  very  brittle  and  break  with 
an  irregular,  probably  conchoidal  fracture. 

Mmeralo(?ical  Laboratory,  Sheffield  Scientific  Scbool,  Dec  12th,  1888. 


SCIENTIFIC    INTELLIGENCE. 
I.    Chemistry  and  Physics. 

1.  On  the  Vapor-densitj/  of  the  Chlorides  of  Indium^  QaU 
liufn^  Iron  and  Chromium  ;  and  on  two  new  Chlorides  of  In- 
dium,— ^NiiiSON  and  Pettersson  have  determined  the  vapor 
density  of  Che  chlorides  of  indium,  gallium,  iron  and  chromium 
by  V.  Meyer's  method,  employing  for  the  purpose  vessels  made 
either  of  hard  Thuringen  glass  or  of  porcelain.  In  the  course  of 
their  researches  upon  the  indium  chlorides  they  discovered  two 
new  ODes ;  the  mono-chloride,  having  a  vapor  density  of  5*402  at 
laOO^'-UOO*  and  the  formula  InCl ;  and  the  dichloride  InCl, 
whose  vapor  density  was  found  to  be  6*885  at  1100*.  The  third 
chloride  carefully  purified  gave  a  vapor  density  of  8*156  at  606° ; 
of  7-391  at  860*;  of  6*716  at  1048  ;  and  of  6-234  at  n00°-1200°. 
The  formula  InCl,  gives  7*548  ;  and  hence  the  authors  consider 
this  formula  correct.  The  higher  chloride  of  gallium  gave  the 
vapor  density  8*846  at  350°  ;  6*118  at  440°  ;  6*144  at  606°,  and 
5-186  at  1000°-!  100°  ;  corresponding  to  the  formula  GaCl,  which 
requires  6*08 1.  The  lower  chloride  gave  a  density  of  4*823  at 
1000°-!  100°  and  3*568  at  1300°-1400°  ;  the  formula  GaCl,  requir- 
ing 4*859.  Ferrous  chloride  at  1300°-1400°  gave  a  vapor  density 
of  4-340;  and  at  1400°-1500°,  one  of  4*292;  the  formula  FeCl, 
requiring  4-375.  The  higher  chloride  of  chromium  gave  values 
varying  from  6-135  at  1066°  to  4*580  at  1350°-1400°,  the  formula 
CrCl,  requiring  5*478.  The  lower  chloride  gave  a  vapor  density 
of  7-800 at  1300°-1400°;  7-278  at  1400°-1500°,  and  6*224  at  1500° 
-1600°.  At  a  higher  temperature  the  authors  believe  it  would 
reach  4-256  the  value  required  by  the  formula  CrCl,. — J,  Chem. 
Soc.f  liii,  814,  October,  1888.  g.  f.  b. 

2.  On  the  Vapor-density  of  Ferric  chloride. — Friedkl  and 
Crafts  have  determined  the  vapor  density  of  ferric  chloride  by 
the  method  of  Dumas  taking  the  same  precautions  as  with  alumi- 
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nam  chloride.*    In  a  nitrogen  atmosphere  in  which  the  partial 
pressure  of  the  vapor  was  0-76,  they  obtained  at  483**  the  value 
10*86  as  a  mean  of  two  experiments,  the  formula  Pe«CL  reqniriog 
11  •26.     The  vessel  used  could  be  examined  readily  during  the 
operation  ;  and  it  was  found  that  even  at  440°,  the  ferric  chloride 
was  decomposed  into  ferrous  chloride  and  chlorine ;  the  former 
not  being  volatile  at  this  temperature  was  deposited  in  crystals 
on  the  walls  ot  the  vessel,  and  .combined  again  with  the  chlorioe 
on  cooling.     The  authors  thus  explain  the  results  obtained  by  V. 
Meyer  and  Grttnewald.f     To  avoid  this  dissociation,  further  ex- 
periments were  made  in  an  atmosphere  of  chlorine,  in  which  the 
chloride  has  only  a  slight  pressure.     At  temperatures  between 
321°  and  442°  the  density  remained  nearly  constant  at  about  the 
value  required  by  theory.     The  chloride  boiled  at  280°-285.— 61 
i?.,  cvii,  301 ;   J3er.  Berl  Chem.  Ges.,  xx,  (Ref.)  679,  October, 
1888.  O.  F.  B. 

3.  On  the  Vapor  Density  of  Oallium  chloride, — Feiedel  and 
Ceafts  have  also  determined  by  the  same  method  the  vapor 
density  of  the  higher  chloride  of  gallium.  This  density  decreases 
as  the  temperature  rises,  falling  from  10*6  at  307°  to  7*8  at  440°. 
At  237°  -273°  approximately  constant  values  are  obtained  agree- 
ing closely  with  the  theoretical  value  12*2  calculated  from  the 
formula  Ga,Cl, .  Constant  values  corresponding  to  the  formula 
GaCl,  were  not  observed. —  C.  i2.,  cvii,  306;  jfer.  BerL  Vhm* 
Gee,,  xxi,  (Ref.)  580,  October,  1888.  g.  f.  b. 

4.  On  the  Molecular  Mass  of  Sulphur^  Phosphorus^  Bromine 
a/nd  Iodine  in  Solution, — Patebno  and   Nasini  have  made  use 
of  Raoult's  method  for  the  purpose  of  determining  the  molecu- 
lar mass  of  sulphur,  phosphorus,  bromine  and  iodine  in  solution, 
the  researches  of  van't  Hoff  upon  the  osmotic  pressure  of  liquids 
leading  directly  to  the  assumption  that  the  law  of  Avogadro 
holds  good  in  dilute  solutions  as  in  gases,  the  osmotic  being  sub- 
stituted for  the  atmospheric  ) pressure.     In  the  case  of  sulphur, 
the  solvent  used  was  benzene,  the  experiments  being  made  with 
solutions  of  different  strengths.      The  depression-coefficient  ob- 
tained   was   constant  and    led    to  the    molecular    formula  S,, 
corresponding  to  that  obtained  by  means  of  the  vapor-density  at 
600°.     For  bromine,  solutions  in  water  and  in  glacial  acetic  acid* 
were  used ;  and  numbers  were  obtained  leading  to  the  formula 
Br,.     For  iodine,  the  solvents  employed  were  benzene  and  glacial 
acetic  acid.     For  very  dilute  solutions  in  the  former,  the  result* 
corresponded  to  the  formula  I,.     But  for  solutions  in  the  latteff 
values  were  obtained  leading  to  a  formula  between  I  and  I„  a^' 
though  the  molecular  depression  was  constant.      The   phosphortt^ 
employed  was  not  quite  pure.     But  its  solution  in  benzene  gave  * 
value  intermediate  between  the  formulas  P,  and  P  . — jBer.  Befi* 
Chem,  Ges.y  xxi,  2163,  July,  1888.  G.  F.  B, 

6.    On  the  Atomic   Mass  of  Osmium. — The   atomic  mass  o^ 
osmium  has  been  determined  by  Seubkrt,  by  reducing  ammoniua^ 

*  This  Journal,  III,  xxxvi,  465,  Dec,  1888. 
f  See  this  Journal,  III,  xxxv,  494,  June,  1888. 
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potassiam  osmiochloride  in  a  carrent  of  hydrogen,  the  chlorine 
ing  also  determined.  The  ammonium  osmiochloride  was  pre- 
red  by  adding  ammouinm  chloride  to  an  alcoholic  solution  of 
mium  chloride.  The  potassium  salt  was  obtained  by  heating 
B  metal  mixed  with  potassium  chloride  in  a  current  of  chlorine, 
second  portion  of  the  ammonium  salt  was  prepared  by  precipi- 
!;iDg  sodium  osmiochloride  with  ammonium  chloride.  The 
suits  of  analysis  gave  191*12  as  the  mean  of  several  experiments. 
le  author  thinks  this  too  high  and  gives  190*8  as  the  more 
dbable  atomic  mas;). — Ber,/Berl.  Ghem,  Oea.,  xxi,  183*9,  June, 
88.  G.  p.  B. 

S.  A  Class  Book  of  JE^mentary  Chemistry;  by  W.  W. 
3HSR,  M.A.,  F.C.S.,  Aldrichian  Demonstrator  of  Chemistry, 
mo,  pp.  xvi,  272.  Oxford,  1888.  (Clarendon  Press). — In  his 
sface  the  author  states  that,  in  the  main  he  has  followed  in 
I  selection  of  subjects  the  syllabus  of  the  Oxford  Local  Ex- 
linations  for  Senior  Candidates  and  the  Examination  of 
omen.  After  a  few  pages  upon  the  laws  of  chemical  combina- 
•n,  atomic  weights  and  formulas,  he  takes  up  hydrogen,  oxy- 
n,    water,  nitrogen,  air,  carbon,  sulplfUr,  etc.      In  chapter  xv, 

considers  quantivalence  and  the  periodic  law,  and  then  dis- 
sses  the  metals,  closing  with  chapters  on  specific,  atomic  and 
olecnlar  heats,  and  the  physical  properties  of  gases.     It  is  one 

the  best  books  of  its  grade  that  we  have  seen  recently.  The 
Its  are  clear  and  well  selected  and  the  mechanical  execution  of 
le  book  is  good.  o.  f.  b. 

7.  Examples  in  Physics;  by  D.  E.  Jones,  B.Sc,  Lecturer 
1  Physics  at  the  University  College  of  Wales,  Aberystwyth, 
•mo,  pp.  viii,  261.  London  and  New  York,  1888.  (Macmillan  & 
>.). — This  little  book  contains  a  carefully  prepared  series  of 
ysical  problems,  over  one  thousand  in  number,  intended  to  test 
th  the  student's  knowledge  and  bis  facility  of  applying  it  prac- 
ally.  The  value  of  such  tests  is  beyond  dispute.  The  intro- 
ctory  chapter  is  a  concise  exposition  of  units  and  dimensions, 
d  the  subsequent  chapters  are  devoted  to  Dynamics,  Hydro- 
itics.  Expansion,  Specific  and  Latent  Heat,  Conductivity  and 
L«rmodynamics,  Light,  Sound,  Magnetism,  Electrostatics,  and 
irrent  Electricity.  We  have  failed  to  find  at  the  end  of 
B  book,  however,  the  four-place  logarithm   tables  mentioned 

pages  19  and  21.  The  problems  themselves  are  most  ex- 
UeDt,  many  of  them  being  selected  from  examination  papers 

repute.  The  book  will  be  found  a  valuable  adjunct  in  the 
iysical  class  room.  g.  f.  b. 

8.  Oxygen  lines  in  the  Solar  Spectrum, — M.  Janssen  ascended 
^t.  Blanc' on  October  13th,  and  succeeded  on  October  15th  and 
^th  in  making  some  observations  under  the  most  favorable  con- 
ditions. The  results  show  that  both  the  band  and  lines  of  oxy- 
;en,  identified  previously  by  him  in  the  solar  spectrum,  are  due 
intirely  to  the  earth's  atmosphere.  The  systems  of  bands,  those 
n  the  red,  in  the  yellow,  and  the  blue,  the  intensity  of  which 
^ftried  with  the  square  of  the  density  of  the  absorbing  oxygen. 
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were  altogether  wanting,  and  the  groups  of  dark  lines  A,  6  an 
a  which  M.  Janssen  had  previously  found  to  vary  as  the  simpi 
density,  were  so  much  enfeebled  as  to  leave  little  doubt  tliat  the 
too  would  disappear,  could  we  entirely  eliminate  the  effects  c 
the  earth's  atmosphere. — Nature,  Nov.  8,  1888,  p.  40.  j.  t. 

9,  Eff^ect  of  staining  upon  dry  plates.— ^^  At  the  meeting  of  tli 
Physical  Society  of  Berlin,  Nov.  2,  Professor  Kundt  exhibited 
number  of  photographs  of  spectra  photographed  upon  dry  plat( 
which  bad  been  stained  with  various  substances.  The  plate 
stained  with  chlorophyl  gave  especially  interesting  results.  Tb 
spectra  obtained  upon  them  consisted  of  a  bright  strip  endin 
near  F  followed  by  a  dark  portion  intercepted  oy  an  extreme! 
bright  line  at  the  spot  where  the  absorption  band  of  chlorophyl 
present  in  the  red.  Plates  stained  with  eosin  similarly  showed 
bright  strip  corresponding  to  the  absorption  band  of  this  sul 
stance  in  the  yellow,  whos6  brightness  was  much  greater  tha 
that  of  the  rest  of  the  spectrum.  These  experiments  showed  th: 
the  rays  of  light  which  are  absorbed  by  the  above  coloring  ma 
ter  exert  an  extremely  active  chemical  action  on  the  plate.  £ 
periments  made  with  a  ^iew  to  determining  whether  absorptic 
of  light  has  a  similar  effect  on  fluorescence  yielded  negati^ 
results.  It  still  remains  to  investigate  whether  the  maximu 
brightness  of  the  spectrum  photographed  on  a  plate  stained  wit 
ctlorophyl  corresponds  exactly  with  the  absorption  found  of  th 
substance,  taking  into  account  the  influence  of  the  solvent  U8< 
for  the  solution  of  the  chlorophyl  on  the  position  of  its  absorptic 
band." — Nature,  Nov.  29,  1888,  p.  120.  j.  t. 

10.  Electrical  currents  produced  by  light. — Stoletow  employe 
the  following  apparatus  in  his  investigation  upon  this  subje< 
A  glass  cylinder  is  closed  at  one  end  by  a  quartz  plate  which 
silvered  in  net  form,  though  the  other  end  of  the  cylinder  pass 
a  micrometer  screw  terminating  in  a  silvered  iron  plate.     Tb 
iron  plate  and  the  silver  net  work  on  the  quartz  plate  served 
electrodes.     The  cylinder  was   tilled  with  various  gases  whi< 
were  submitted  to  the  rays  from  an  electric  light.     No  differeo* 
could   be  perceived   in   the  behavior  of  moist  and  dry  air  ai 
hydrogen  at  ordinary  pressures.     Carbonic  acid,  however,  ga' 
double  the  effect  of  the  above  mentioned  gases.     With  diminis 
ing  pressures  the  effect  increases  until  the  pressure  of  3-4  mm. 
reached  and  then  diminishes. —  Comptes  RenduSy  107,  1888,  p 
91-92.  J.  T. 

II.  Geology  and  Natural  History. 

1.  Cambrian  of  Bristol  County,  in  Eastern  Massachusetts.- 
Professor  N.  S.  Shaler  has  reported,  in  the  Bulletin  of  the  M 
seum  of  Comparative  Geology  of  October,  1888  (vol.  xvi.  No.  i 
the  discovery  of  Cambrian  fossils  near  Attleborough,  a  few  mil 
from  the  northeast  angle  of  Rhode  Island.  The  region  lies  < 
the  west  of  the  main  belt  of  the  Carboniferous  of  the  Narragfl 
sett  basin.     East  of  it  is  an  area  of  gneiss,  which  is  probab 
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^Cambrian.  On  the  colored  geological  map  accompanying  the 
>^r,  thet  Cambrian  is  made  to  pass  south  and  son th west  over 
lis  Village  into  Rhode  Island.  The  rocks  of  the  Cambrian 
'  shales  and  conglomerates.  The  Cambrian  area  of  Braintree, 
ere  the  Paradoxides  Harlani  occurs,  is  twenty-five  miles  to 
^  north  ;  but  it  was  not  possible  to  make  out  the  stratigraphic 
a.'tions  between  the  two.  The  fossils  discovered  are:  OboleUa 
i^a^a  Hall,  Fordilla  Troyenaisf^  Scenella  reticulata  Billings, 
*^^4  0theca  rugosay  Stenotheca  curvirostra,  sp.  n.,  Platycerae  pri- 
&ijum  Billings,  Pleurotomaria  {Raphistoma)  Attleborensis,  sp. 

Syolithes  quadricostatus,  sp.  n.,  A  communis  var.  Emmonsi 
i"d,  H,  Americanus  Billings,  H,  princeps  Billings,  J7.  BiUingsi 
Silcott  ?,  HydlitheUus  micans  Billings,  SaltereUa  curvatus^  sp.  n., 
'"i^tttzo^fy  Microdiscus  hellimarginatuSy  sp.  n.,  M,  lohatus  H., 
i^^adoxides   Walcotti^  sp.   n.,   Ptychoparia  mucronatay  sp.  n., 

^ttleborensiSy  sp.  n.      The  fossils  are  figured  on  two  plates. 

t.he  study  of  the  fossils,  Professor  Shaler  was  aided  by  Mr. 

P.  Foerste.  The  authors  remark  that  while  the  fossils  are 
>se  of  the  "  Olenellus  group,"  the  beds  contain  no  species  of 
enelluR,^and  that  the  presence  of  a  Paradoxides  '^  diminishes 
a  importance  of  the  Paradoxides  division  of  the  Cambrian." 
^«  species  of  Paradoxides  is  very  small,  or  the  specimen  is 
Ong. 

^.  Silicified  wood  of  Arizona  ;  by  F.  H.  Knowlton. — A  large 
i^nk  of  silicified  wood  from  the  vicinity  of  Fort  Wingate,  Ari- 
ria,  which  has  been  on  exhibition  for  several  years  at  the  U.  S. 
^tional  Museum,  Washington,  has  been  studied  by  Mr.  Knowl- 
ri,  and  named  (Proc.  U.  S.  Nat.  Mus.,  1888,  p.  1)  AraucarU 
^lon  Arizonicum,  A  plate  (Plate  I)  accompanies  the  paper. 
f,  Knowlton  also  describes  two  new  species  of  fossil  conifer- 
«  wood  from  Iowa  and  Montana,  which  he  refers  to  the  ge- 
is  Cressinoxylon  (Plates  II,  III). 

3.  DahllitCy  a  new  mineral, — Bbogoeb  and  Backstb5m  have 
'Scribed  a  new  mineral  from  the  apatite  region  in  the  parish  of 
a.nile,  Norway.  It  occurs  as  a  rather  thin  crust,  which  has  a 
>unded  lustrous  surface  and  a  fibrous  structure,  the  fibers  being 
^rpendicular  to  the  base  of  massive  reddish  apatite.     The  color 

pale  yellowish  white  or  reddish  yellow,  but  appears  colorless  in 
thiu  section ;  it  is  translucent  and  somewhat  resembles  chalce- 
f>ny.  It  is  optically  negative.  The  hardness  is  about  6  and 
^e, specific  gravity  3*053.    An  analysis  gave  the  following  results: 


^o. 

CO, 

CaO 

FeO 

Na^O 

K,0 

H,0 

8-44 

6-29 

63-00 

0-79 

0-89 

Oil 

1-37  =  100-89. 

^'8  corresponds  essentially  to  the  formula  4Ca  P,0,-f  2CaCO,4- 
S^.  The  microscopic  and  ch<*mical  examination  convinced  the 
nhors  that  the  mineral  was  homogeneous,  notwithstanding  its  re- 
a>"kahle  composition. —  CEfv.  Vet-Aknd,  Forhandl.y  p.  493,  1888. 
^-  Das  l^otoplusma  als  JFtrmentorganismus ;  von  Professor 
r-  Albkbt  Wigand.     Marburg,  1888,  pp.  294. — ^Few  scientific 
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apoo  the  summofM  of  failing  health,  rdinqidsh  their  work 
with  feeliDgs  of  greater  disappointment  than  the  late  Professor 
W^aod  of  Marfoarg.     Attached  to  the  manuscripts  left   hj  bim 
waa  thb  touching  inscription,  ^Folgende  Ton  mir  lestgestellte 
Thatsachen  and  Beobachtongen  warden  ignoriert  oder  todtge- 
scfawiegen."      Some  of  these  manuscripts  edited  bj  an  assisUmt, 
Dr.  I>ennert,  form  the  present  work.    A  few  of  the  facta  have  been 
given  before,  and  man  j  of  the  speculations  thereon  have  already 
been  pablished  in  other  forms.     Having  these  papers  before  as, 
it  is  fair  to  ask  the  reason  of  the  neglect  of  which  Wigand  com- 
plained.    The  style  is  not  obscare,  bat  the  coarse  of  the  arga- 
ment  is  very  tedioos  and  one  feels  compelled  to  inqaire  once  in  % 
while  whether  the  task  of  reading  it  will  pay.     This  defect  has 
diminished  the  valae  of  aboot  all  the  scientific  work  done  by 
Wigand,  bat  this  will  not  alone  explain  the  atter  neglect.     If  one 
remembers  that  almost,  if  not  quite,  alone  among  teachers  oi 
science  in  Germany,  Wigand  was  up  to  the  last  an  opponent  oi 
Darwinism,  giving  much  of  his  lime  to  controversial   writingt, 
the  neglect  is  measurably  accounted  for.     The  extent  to  which 
his  antagonism  to  Darwinism  influenced  all  his  thought  is  shown 
by  an  expression  which  he  once  used  in  a  conversation  with  Dr. 
Dennert,  ^  my  whole  life  has  revolved  around  Tannin,  Darwinism 
and  Bacteria.^ 

We  may  smile  at  this  odd  collocation,  but  it  expresses  a  truth. 
His  researches  in  regard  to  Tannin  possesses  much  merit,  and  were 
justly  viewed  by  the  author  as  entitling  him  to  higher  recogni- 
tion than  he  received.  His  writings  on  Darwinism  are  specnlft- 
tive  and  unconvincing  but  they  demanded  a  large  share  of  bii 
energy.  The  results  of  his  studies  regarding  the  last  subject, 
Bactf'ria,  we  have  now  in  part  before  us.  Although  the  treatifle 
is  divided  into  three  distinct  portions,  they  may  be  considered  for 
practical  purposes  as  one,  and  embodying  a  single  hypothesis. 
Without  doing  any  injustice  to  the  author,  this  hypothesis  may 
be  given  in  a  few  words,  namely,  that  organized  matter  (proto* 
plasm  and  its  active  living  derivatives),  possess  the  power  under 
certain  circumstances  of  being  broken  up  and  converted  into 
minute  organisms  (bacteria  in  the  widest  signification).  This 
hypothesis  of  translormation  or  ^' anamorphosis  "  is,  in  one  sense, 
the  logical  outcome  of  ideas  which  the  author  expressed  in  a  now 
forgotten  work  of  a  partly  popular  character,  Der  Baum. 

The  experimental  part  of  the  author's  work  can  be  fairly  illus- 
trated by  a  single  case  (No.  XI),  in  which,  having  taken  every 
precaution  for  securing  perfect  freedom  of  all  his  apparatus  and 
appliances  from  germs  (and,  as  he  says,  being  assisted  by  Dr. 
Mueller  who  was  familiar  with  Koch's  methods),  he  introduced  a 
fragment  of  carefully- washed  muscle  into  a  sterilised  receptacle, 
where,  after  being  kept  a  lortnight,  at  a  temperature  of  36**  C, 
the  organized  matter  was  found  to  be  filled  with  bacterial  forms. 
These  forms  he  concludes  must  have  come  from  the  anamor- 
phosis of  the  protoplasmic  matter.  The  experiment  recalls  those 
reported  by  B^champ  and  is  open  to  the  same  criticism. 
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rand's  experimeDts  cover  many  kinds  of  organized  matter, 
11  of  them  are  interpreted  by  him  in  the  same  manner, 
Y  as  proving  that  these  organisms  which  canse  and 
pany  putrefaction,  etc.,  may  or  must  arise  from  the  trans- 
.ion  of  protoplasm.  According  to  him  we  need  not  postu- 
anyca8e  the  pre-existence  of  germs  as  necessary  to  putre- 
I.  The  author  touches  with  his  hypothesis  many  points  in 
logy  and  pathology:  g.  l.  a. 

Hinged'*^  Trees. — W.  L.  Goodwin,  (Queen's  University, 
ton,  gives  in  the  Canadian  Record  of  Science,  for  October, 
the  following  details  regarding  a  remarkable  case  of  sur- 
of  a  pine  tree  after  girdling.  The  case  came  under  his 
ation  m  the  summer  of  1888.  The  tree  is  "  a  common  pine 
hich  had  been  ringed  several  years  before  I  taw  it, — just 
lany  I  cannot  say.  The  tree  stands  at  the  edge  of  the  pine 
of  Studley,  Halifax, *Nova  Scotia,  and  is  one  of  two  rising 
a  common  trunk  which  bifurcates  immediately  above  the 
e  of  the  soil.  The  trees  are  about  22  feet  high,  and  begin 
nch  freely  at  about  six  feet  from  the  ground.  The  ring  is 
four  feet  from  the  fork  and  is  eight  inches  broad.  The 
^d  wood  is  dead  and  no  signs  of  life  appear  within  half  an 
f  the  surface.  That  the  tree  has  grown  considerably  since 
ringed  is  shown  by  the  following  measurements  made  this 
er: 

Circumference  below  ring,  19^  inches. 

Circumference  above  ring,  26-1  inches. 

iameter  of  the  tree  has  thus  become  two  inches  greater 
than  it  is  below  the  ring.  The  condition  of  the  bark  and 
um  layer  below  the  wound  shows  that  the  surface  of  the 
as  died  for  a  considerable  distance  ^over  six  inches).  Above 
3und  the  bark  and  cambium  are  living  and  seem  to  have 
1  down  over  the  scar  about  half  an  inch.  The  same  pro- 
ad  been  evidently  begun  below  the  ring  before  the  death  of 
mbium  layer.  From  measurements  made  five  years  ago,  I 
I  judge  that  the  tree  must  have  been  ringed  at  least  ten 
before  that  date,  so  that  the  tree  has  survived  its  injury 
bly  fifteen  years.  Unfortunately  the  notes  of  the  first 
reraents  are  not  at  hand  for  comparison.  At  that  date  the 
I  tree  seemed  almost  as  thrifty  as  its  companion,  but  the 
e  showed  some  signs  of  imperfect  nutrition.  At  present 
&e  is  in  much  poorer  condition ;  many  of  its  branches  being 
ind  the  foliage  scanty  on  those  that  are  living." 
es  of  survival  after  the  injury  by  girdling  or  "  ringing," 
been  noticed  by  many  observers,  but  this  is,  on  the  whole, 
ost  striking  that  has  yet  come  to  our  notice  in  this  climate. 
le  Pacific  coast  cases  of  survival  of  orange  and  olive  trees 
ot  rare,  but  they  are  not  so  difficult  to  explain  as  this  of  a 

G.  Li.  G. 

4  Provisional  Host — Index  of  the  Fungi  of  the   United 
;  by  W.  G.  Farlow  and  A.  B.  Seymour.     Cambridge, 


80  Scientific  Intelligence, 

1888,  pp.  61. — ^This,  the  first  part  of  a  most  important  work,  com- 
prises the  polypetalae.     Under  each  species  are  enamerated  the 
species  of  fungi  reported  as  living   thereon.     When  the  number 
is  small,  the  namc^s  are  given  in  alphabetical  order,  but,  where 
the  number  is  largo,  the  species  are  placed   under  their   prof>er 
orders,  and  there  alphabetically  arranged.     A  list  prepared  with 
the  care  which  has  been  given  to  every  page  of  this  work,  is  not 
only  a  convenience  to  some  mycologists  and  a  necessity  to  others, 
but  it  exerts  a  useful  influence  from  its  conservative  tendency. 
It  will  possibly  check  the  multiplication  of  specific  names  in  this 
too  inviting  field  for  the  making  of  new  species ;  in  fact  the  hope 
that  this  might  be  the  case,  was  one  of  the  inducements  which 
has  led  to  its  publication.     The  great  amount  of  time  and  labor 
given  to  the  preparation  of  a  critical  index  like  this  can  be  ap- 
preciated only  by  those  who  have  seen  its  slow  growth  under  the 
untiring  hands  of  its  authors.  g.  l.  g. 

7.  JBibliotheca  Zvologica  11^  bearbeitet  von  Dr.  O.  Taschen- 
BERG,  6le  Lieferung,  sig.  201-240,  pp.  1661-1970.  Leipzig,  1888 
(Wm.  Engelmann). — The  sixth  part  of  this  important  work,  de- 
voted to  the  bibliography  of  Insects,  including  the  Hemiptera, 
Aphaniptera,  Diptera  and  Lepidoptera,  has  recently  been  issa^d. 

Bulletin  of  the  N.  H.  Society  of  New  Brunswick.  No.  VII,  (Saint  John,  1888), 
contains  a  paper  by  W.  F.  Ganong,  on  the  Echinodermata  of  New  Brunswick;  oo 
the  Mollusca  of  the  Oyster  beds  of  New  Brunswick,  by  W.  H.  Winkley ;  and  on 
the  question,  Does  our  iDdigenous  Flora  show  a  recent  change  of  climate,  bjJ. 
Vroom 

The  Geological  Record  for  1880-1 884.  inclusive ;  a  list  of  publications  on  Geology, 
Mineralopry  and  Paleontology  published  during  these  year^,  etc.  EditeH  by  Wil- 
liam Topley  and  Charles  Davies  Slierbon,  Vol.  I,  Stratigraphical  and  DescriptiY^ 
Geology.  544  pp.  8yo.     London,  1888  (Taylor  and  Francis). 

A  short  account  of  the  History  of  Mathematics  by  Walter  W.  Rouse  Ball 
464  pp.  12nQ0.    London  and  New  York,  1888  (Macmillan  and  Co.). 

Bulletin  No.  47,  of  the  U.  S.  Geol.  Survey,  contains  analyses  of  waters  of  the 
Yellowstone  National  Park  by  F.  A.  Gooch  and  J.  E.  Whitfield. 

Thirty  thoupand  years  of  the  Earth's  Past  History,  read  by  aid  of  the  disooT- 
ery  of  the  Second  Rotation  of  the  Earth,  by  Maj.  Gen.  A.  W.  Drayson,  F.B.A.S. 
London,  1888  (Chapman  &  Hall). 

Mis^'ouri  Rainfall,  by  Prof  F.  E.  Nipher.  6  pp.  8vo,  with  maps  of  the  rain- 
fall for  the  year  and  each  month  of  the  year.     St  Louis,  1888. 

Darwinism,  a  brief  history  of  the  Darwinian  theory  of  the  origin  of  species, 
by  Dr.  D.  8.  Jordan.  64  pp ,  12mo.     Chicago,  1888  (A.  B.  Gehman  &  Co.). 

Soaps  and  Candles.  Edited  by  James  Cameron,  F.  1.  G.  306  pp.  12mo.  PbH* 
adelphia,  1 888  (P.  Blakiston,  Son  &  Co.). 
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i.RT.  X. — Points  in  the  Geological  History  of  the  isla/nds 
Maui  and  Oahu;  by  James  D.  Dana.  With  Plates 
III  and  IV. 

The  subjects  prominently  illustrated  by  the  islands  Maui  and 
Oahu  are :  the  conditions  of  extinct  volcanoes  in  different  stages 
of  degradation ;  the  origin  of  long  lilies  of  precipice  cuttmcj 
deeply  through  the  mountains;  the  extent  and  condition  of 
one  of  the  largest  of  craters  at  the  period  of  extinction ;  and 
the  relation  of  cinder  and  tufa  cones  to  the  parent  volcano. 
The  other  islands  of  the  group  present  facts  bearing  on  these 
flnhjects,  but  the  writer's  knowledge  of  them  is  too  imperfect 
for  review  in  this  place. 

L    Island  of  Maui. 

The  accompanying  map,  Plate  8,  reduced  from  the  recent 
large  government  map,*  shows  the  general  features  of  the 
isl^d  of  Maui : 

(1)  The  volcanic  mountain  of  East  Maui,  Haleakala,  10,032 
feet  in  height,  having  at  summit,  a  crater  2500  feet  in  great- 
est depth  and  twenty-three  miles  in  circuit 

*  Go  this  Plate,  as  on  that  of  Hawaii  in  the  last  vohime  of  this  Journal,  most  of 
he  lettering  of  the  orig;inal  map  is  omitted,  with  necessarily  also  minor  details 
i  to  erosion  and  topography. 
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(2)  The  abrnpt  depression  of  Eipahulu,  to  the  southeast  of 
the  summit,  surveyed  but  not  geologically  studied,  which  looks 
as  if  it  were  the  site  of  another  ^reat  crater. 

(3)  The  slopes  of  eastern  Maui,  little  gullied  by  erosion,  bui 
most  so  on  the  side  facing  northeast — ^the  windward  side ;  and 
here  the  longest  valleys  scarcely  reaching  to  the  summit  . 

(4)  The  mountain  of  west  Maui,  a  volcano  in  ruins,  being 
profoundly  cut  up  by  valleys,  and  the  original  height  reducw 
to  6788  feet  as  the  maximum. 

(5)  The  low  interment  area  of  Maui,  made  of  the  united 
bases  of  the  two  volcanoes,  but  covered  for  the  moet  part  by 
the  lava-flows  of  Haleakala,  whose  fires  continued  in  action 
long  after  the  western  volcano  was  turned  over,  dead,  to  the 
dissecting  elements ;  the  width  from  north  to  south  at  the  nar- 
rowest part,  near  the  line  reached  by  the  lavas  of  Haleakala, 
about  SIX  miles,  and  the  height  at  the  survey  station  near  its 
middle,  156  feet. 

From  my  use  of  the  maps  of  the  Hawaiian  government  snr 
vey  through  the  preceding  memoir,  and  my  frequent  ^efe^ 
ence  to  them  for  lacts  about  the  volcanoes,  craters  and  laTi- 
flows,  as  well  as  the  topography  of  the  island,  it  has  been  appa- 
rent that  they  have  been  a  very  prominent  basis  for  the  con- 
elusions  presented.  The  government  map  of  Maui  has  still 
greater  geological  importance ;  for  Prof.  Alexander,  the  sur- 
veyor-general, has  made  it,  by  his  accurate  work  and  his  appre- 
ciation of  the  importance  of  aetails,  a  contribution  to  science  of 
the  highest  value  and  interest  What  I  have  to  say  of  the 
extent,  depth,  form  and  discharge-ways  of  the  great  crater,  of 
the  heights  and  positions  of  cmder  cones,  and  of  the  erosioo 
of  the  mountains,  should  be  put  mainly  to  the  credit  of  the 
map,  which  was  Prof.  Alexander's  work  not  only  in  superin- 
tendence and  geodetic  measurement,  but  largely  also  in  the 
details  of  the  survey.  The  survey  of  the  island,  which  is  still 
in  progress,  reflects  great  credit  on  the  Hawaiian  people,  and  ire 
trust  it  may  be  contmued  until  in  all  parts  complete.  EveiJ 
cone,  or  precipice,  or  fissure,  terrace-level,  or  lava^stream  locatea 
is  a  contribution  to  the  history  of  the  island  and  to  physicil 
and  geological  science.* 

*  I  am,  moreover,  personally  indebted  to  Prof.  Alexander's  kind  providinga,  goi^ 
ance  and  instructions  for  the  success  of  my  trip  in  1887  (August  4  to  6)  up  Halei- 
kala  and  into  the  crater,  where  a  night  was  spent — an  exceptionally  briUiant  night 
after  a  day  of  clear  views  from  the  slopes  and  the  summit;  and  alao  for  my  ei* 
cursion  up  Wailuku  valley  on  western  Maui. 

I  owed  much  also,  while  on  the  island,  to  the  hospitality  of  Mr.  Henry  BaMviB 
of  Haiku,  Mr.  Edward  M.  Walsh  and  Rev.  Thomas  Gulick  of  Paia,  and  Mr.  Baita^ 
and  Rev.  Mr.  Bissell  of  Wailuku. 

An  excellent  model  of  the  island  of  Maui  has  been  made  by  Prof.  0.  H.  Hiteb- 
cock,  who  devoted  much  time  to  it  during  his  recent  visit  to  the  Hawaiian  Lalandi. 
The  government  map  was  the  chief  source  of  data  for  the  details.     The  veiti* 
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1.  East  Maui, 

.  The  Mountain, — The  crater  of  Haleakala  has  been  many 
es  described,  bnt  first  with  a  detailed  map  in  illustration 
Captain  Wilkes.  Captain  Wilkes  states  that  he  is  indebted 
the  map  to  his  artist,  Mr.  Joseph  Drayton  ;^  and  consider- 
that  it  was  from  an  artist's  sarvey,  not  that  of  a  surveying 
ty  with  instruments,  it  is  a  remarkable  piece  of  work.  The 
•edition  owes  much  to  Mr.  Drayton,  not  only  for  his  excel- 
b  labors  as  draftsman  in  all  departments  at  sea,  but  also,  after 
return,  for  his  management  of  engravers,  printers,  etc.,  dur- 
the  publication  of  the  various  lieports. 
I?he  mountain  is  usually  ascended  irom  Paia,  a  villa^  on  the 
th  coast  The  path  (see  map)  passes  Olinda  and  reaches 
edge  of  the  crater  where  the  nearly  vertical  western  wall 
mdmg  it  is  not  less  than  2600  feet  in  height.  Thence  it 
tows  the  summit  southwestward  to  the  southwest  angle  pass-, 
;  Pendulum  Peakf  on  the  borders  of  the  crater  just  before 
ehing  it  Here  are  three  cinder  cones,  and  the  top  of  one  is 
\  cuhninating  point  of  the  mountain,  10,032  feet  above  tide, 
ey  stand  at  tne  head  of  a  long  line  of  cinder  cones  extend- 
;  southwestward  down  the  mountain  to  the  sea;  and  near 
\  sea  at  the  foot  of  this  line  are  three  or  four  comparatively 
«nt  lava-streams,  enough  to  illustrate  the  process  oi  seashore 
:en8ion  by  such  sea-border  outflows.  From  the  southwest 
7le  of  the  crater  and  the  base  of  one  of  the  three  cinder 
les,  a  cinder-made  slope  of  rather  easv  grade  descends  into 
i  crater,  making  a  convenient  place  of  descent ;  and  thence 
\  path  continues  eastward  to  the  usual  place  of  encampment, 
miles  from  the  top. 

i.  The  two  areal  diecharae-waya  of  the  crater, — Besides  its 
ty  walls  ana  great  area,  the  most  remarkable  features  of  the 
iter  are  the  two  openings,  a  northern  and  a  southern,  a  mile 
a  mile  and  a  half  wide  between  precipitous  walls  of  rock — 
5  walls  of  the  northern  2,000  feet  and  over,  of  the  southern, 
00  to  2,000  feet — ^through  which  poured  the  lava  of  prob- 
y  the  last  of  the  great  eruptions.  The  Kaupo  lava-stream, 
)  southern,  has  much  the  smoother  surface,  as  if  more 
tent;  but  the  broader  Koolau  stream  descended  the  wind- 

height  is  increased  four  timeSf  and  the  craters  and  valleys  are  thus  strongly 
oght  out  All  such  exaggerated  relief  maps,  whether  of  a  mountain  or  sea- 
in,  need  a  note  of  warning  attached  to  prevent  wrong  conclusions  as  to  slopes 
heights;  for  the  ratio  of  4  to  1  instead  of  1  to  1  changes  a  slope  of  14  to 
of  &^,  a  low  to  an  acute  cone.  The  light  shading  used  on  the  map  of  Hawaii 
le  last  volume  of  this  Journal  and  here  on  that  of  Maui,  is  intended  to  bring 
the  idea  as  nearly  as  may  be  of  a  mean  slope  of  7  to  10  degrees. 
Wilkes's  Narrative,  vol.  iv,  p.  266.  In  the  Exploring .  Expedition  I  had  no 
loe  to  visit  Maui,  and  saw  it  only  from  ship-boaid  when  passing  it 
The  Pendulum  station  of  Mr.  E.  D.  Preston,  of  the  Coast  Survey,  in  1887 
Journal,  last  volume,  page  306. 
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ward  slope,  and  the  eonseqiieiit  erodon  may  have  made  all  the 
difference. 

3.  TTu  Cinder-cones  and  Zavae  ai  the  hoUom  of  the  crater. 
— Another  rtrildng  feature  of  the  crater  is  the  group  of  red 
and  gray  dnder-cones  which  stand  over  the  bottom,  sixteen 
in  number ;  the  hi^est  900  feet  above  its  base  and  all  over 
400,  and  yet  looking  small  in  the  view  from  the  snmmit  of  the 
great  area.  The  si^ht  to  the  northward,  when  half  way  to 
the  bottom,  comprismg  the  northern  discharge-way  in  ^e  db- 
tance,  the  highest  of  the  cinder-cones  in  the  for^ronnd,  and 
beyond  these  and  two  other  cones  the  broad  stream  of  lava  of 
the  crater-floor  as  level  apparently  as  a  river,  stretching  away 
between  precipices  of  more  than  2,000  feet  and  then  terminat- 
ing in  an  even  line  at  the  limit  of  vision  as  if  there  b^an  the 
plnnge  to  the  sea,  is  wonderfully  like  the  real  river  of  lava  on 
its  downward  way. 

The  cinder-cones  of  the  bottom  were  evidently  the  last  work 
of  the  fires.  The  ashy  surface  of  the  cones  is  without  a  trace 
of  erosion  and  thus  bears  no  distinct  marks  of  age.  The  slopes 
are  mostly  25^  to  30°  and  less,  and  hence  they  may  have  had  tl^ 
pitch  diminished  somewhat  by  the  winds  and  rains  and  earth- 
shocks,  but  there  are  no  channelings  by  descending  waters.  The 
material  is  scoria  in  coarse  fragments  and  sands,  and  though  in 
part  originally  reddish  and  purplish,  the  red  color  has  generaDy 
oeen  deepened  by  oxidation  from  exposure. 

Besides  the  scoria,  there  are  on  some  of  the  cones,  es- 
pecially those  toward  the  borders  of  the  pit,  numerous  laip 
blocks  of  gray,  compact,  scarcely  vesiculated  rock.  Some 
of  the  masses  abont  a  cone  near  the  place  of  descent  meas- 
ured over  a  hundred  cubic  feet.  The  masses  must  have 
been  torn  off  from  the  throat  of  the  volcano's  conduit,  this 
being  the  only  conceivable  source.  They  indicate  therefore 
the  action  of  vast  projectile  force  at  tnese  isolated  centos 
when  the  cones  were  in  progress,  and  its  continuation  even  to 
the  close  of  the  ejections ;  and  they  also  are  probable  evidence 
of  very  rapid  work  in  the  conemaidng.  A  few  of  the  other 
cones  were  grayish  in  color  as  if  from  the  abundance  over  their 
slopes  of  these  projected  grayish  stones ;  but  I  was  unabk 
from  want  of  time,  to  verify  this  supposition. 

The  cones  stand,  or  appear  to  stand,  on  the  rough,  freA* 
looking,  scoriaceous  lavas  of  the  bottom,  these  lavas  spreadiBg 
away  uom  beneath  them.  It  was  evident  that  the  opened  fr 
sures  or  vents  which  gave  exit  to  the  cinders,  first  poured  ort 
the  lavas ;  and  then  followed  the  cinder  ejections  as  the  fiits 
declined  and  the  liquid  lavas  of  the  vent  became  somewhat 
stiffened.  The  cinder  material  is  proof  of  powerful  projectile 
work ;  for  the  fragments  of  the  exploding  bubbles  were  tnrown 
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upward,  as  the  heights  of  the  cones  prove,  many  hundreds  of 
feet — more  than  nine  hundred  to  make  the  highest  cone. 

The  fresh-looking  lavas,  occurring  about  the  base  of  the  more 
western  of  these  cones,  were  found  to  continue  eastward  through- 
out the  crater,  with  little  change  of  features  and  with  the  same 
relation  to  the  bases  of  the  several  cones,  as  if  all  were  of  one 
epoch  of  eruption — the  epoch  of  the  last  outbreak  of  Halea- 
kala ;  the  lavas  seemed  to  have  come  from  the  latest  outflows  of 
several  subordinate  vents,  after  the  crater  had  made  its  great 
discharge  through  the  two  gateways  down  the  mountains. 

This  scoriaceous  lava  of  tne  crater  contained  in  many  places 
much  augite  and  chrysolite  in  largish  grains  or  crystals,  be- 
ing  both  augitophyric  and  chrysophyric. 

4.  Lavas  of  the  walls  and  summit. — The  lava  of  the  walls 
"was  in  part  scoriaceous ;  but,  where  examined  on  the  south  and 
southwest  sides,  it  was  commonly  a  very  compact,  rather  light 
gray  variety  of  basalt,  like  that  of  the  projected  blocks  about 
some  of  the  cones.  The  lavers  of  compact  basalt  had  often  one 
or  more  parallel  planes  of  fine  or  coarse  vesiculation,  sometimes 
at  intervals  of  one  to  three  or  four  feet/ 

At  one  locality  on  the  ascent  of  the  mountain  the  solid  gray 
rock  had  been  found  to  be  a  convenient  stone  for  stone  imple- 
ments of  various  kinds,  and  a  large  manufacture  had  appa- 
rently been  carried  on  there ;  and  yet  near  by,  the  lavas  <tnat 
were  so  solid  had  occasional  planes  of  coarse  vesiculation,  each 
one  to  three  or  more  inches  thick.     Pendulum  Peak,  near  the 
sammit,  just  north  of  the  southwest  comer  of  the  crater  (the 
place  of  descent)  consists  largely  of  this  compact  light-gray 
iNualt,  with  rarely  any  vesiculation  visible  without  the  aid  of  a 
pocket  lens. 

This  compact  basalt  or  doleryte  is  a  common  rock  also  over 

the  lower  slopes  toward  Paia.     It  appears  thus  to  be  to  a  large 

extent  the  material  of  the  older  lavas;  yet  not  only  of  tne> 

i\    older.    But  at  the  summit  on  the  west  side,  along  the  two  miles 

i4    paased  over  before  reaching  the  place  of  descent,  the  compact 

7h    variety  of  the  basalt  was  ratner  the  exception.   There  were  large 

'j^    treasof  the  same  scoriaceous  lava  that  covers  the  bottom  of 

'^\    ^^  crater,  and  in  some  places  it  was  equally  augitophyric  and 

\    chiyeophyric,  the  augite  m  well-defined  crystals.   One  of  these 

^    treas  was  just  north  of  Pendulum  Peak ;  and  a  large  region  on 

^:    the  west  border  of  the  crater,  looked  as  if  successive  streams  of 

I    Whad  recently  flowed  one  over  another,  piling  up  layer  on 

•     layer,  so  that  by  this  means  the  surface  for  a  breadth  of  a 

^^    nule  or  more  westward  from  the  summit  line  had  derived  its 

f    nnusaal  steepness  of  15^  to  16^.     The  lava-streams  of  the  sur- 

\    face  had  the  appearance  of  being  overflows  from  the  crater ;  as 

if  the  great  pit  had  been  full  to  the  brim  before  the  outbreak 
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and  bad  poured  oat  from  time  to  time  smaU  streams  like 
those  of  a  full  lava-lake  in  Kilauea.  But  they  more  probably 
came  from  fissures  cut  through  to  the  summit  at  the  time  of 
the  last  or  some  one  of  the  later  eruptions. 

The  fact  that  lavas  of  the  summit  are  so  very  chrysolitic, 
even  at  a  height  of  nearlv  10,000  feet,  has  an  important  bearing 
on  the  question  as  to  the  effect  of  high  specific  gravity  in 
determinmg  the  distribution  of  materials  in  liquid  lavas. 

Crystals  of  augite  and  large  grains  of  chrysolite  are  common 
in  the  loose  material  at  the  base  of  the  cinder  cones  at  the  sum- 
mit, near  the  place  of  descent,  and  colored  glassy  crystals  of 
labradorite  occur  with  them — facts  first  leamea  fromKev.T.L 
Gulick  after  our  return.  These  summit  cones  have  the  reooit 
appearance  and  other  features  of  those  over  the  crater's  bottom, 
and  appear  to  be  of  the  same  series  and  time  of  origin  ;  and  the 
cinder4loi>e  of  that  side  of  the  crater  was  probably  made  in 
part  from  the  ejections  of  these  summit  cones. 

5.  The  probable  nature  of  the  last  eruption. — The  great  disr 
charge-ways  of  Haleakala,  one  to  one  and  a  half  miles  wide, 
with  the  walled  valleys  confining  them,  look  as  if  the  reeolte 
of  enormous  rents  of  the  mountain,  made  when  the  moun^ 
tain  emptied  itself  by  the  wide  channels.     But  they  may  have 
been  in  existence  beiore,  and  have  been  simply  usm  for  the  lafi* 
of  the  outflows.     They  are,  nevertheless,  evidence  of  rents  ^ 
some  time,  and  of  a  vast  amount  of  removal  of  material  soioe 
way — by  subsidence,  or  otherwise.     The  height  of  the  wall* 
at  the  gaps,  2000  feet  and  over  at  the  Koolau  gap,  and  lOO^ 
and  over  at  the  Kaupo,  are  a  minimum  measure  of  the  amoui^^ 
of  material  removed.     In  my  Exploring  Expedition  report   1 
suggest  that  the  mountain  was  fissured  across  along  the  linc^ 
of    the   two   discharge-ways,   and   the   eastern  block  shove^J 
off  a  mile  or  two.     But  a  subsidence  of  the  masses  that  (xcW 
pied  them  into  caverns  below,    leaving    the  walls  as  facJ^ 
planes,   may  be  more  probable.      The  abyss  which  received 
them  in  this  case  had  been  prepared  during  a  long  period  oi 
undermining  through  ejections.     Still  there  is  some  reason  to 
believe  in  the  grander  view  of  a  subsidence  of  the  whole  east- 
em  block,  after  the  cross-fracturing.     The  island,  as  is  seen  cfi^ 
the  map,  is  abruptly  narrowed   (instead  of  widened)  at  th« 
spots  where  the  Koolau  and  Kaupo  streams  reach  the  sea ;  aP^ 
the  part  to  the  eastward  is  small,  as  if  narrowed  by  snob  * 
subsidence.     Moreover,  the  mean  height  of  the  eastern  crater- 
wall  is  lower  than  that  of  the  opposite  or  western  by  500  ^ 
1000  feet.     A  subsidence  of  1000  feet  increasing  in  amount  to 
the  eastward  would  account  for  the  narrowing  and  for  the  very 
short  eastern  radius  of  the  eccentric  volcano.     The  questioi^ 
merits  consideration. 


J.  D.  Dana — Geological  History  of  Maui.  87 

The  evidence  that  the  lavas  were  discharged  in  both  direc- 
ons  at  once  at  the  last  eruption  consists  in  the  nearly  xmi- 
>rm  appearance  of  the  fresh  lavas  over  the  bottom  of  the  crater 
rem  one  end  to  the  other,  and  their  continuing  into  and  ap- 
parently being  the  streams  that  descend  the  Kanpo  and 
Loolan  dischar^ways.  Mr.  J.  M.  Alexander  has  remarked 
hat  the  crater  is  probably  a  double  one,  a  combination  of  two 
;reat  craters,  as  Mokuaweoweo  at  the  summit  of  Mt.  Loa  is 
compound  in  structure.  This  is  no  doubt  historically  true; 
but  at  the  latest  of  the  eruptions  there  was  probably  one  ac- 
tion over  the  whole,  the  distinction  for  the  time  obliterated. 

The  period  of  the  last  summit  eruption  is  unknown.  I  learn 
from  Mr.  Bailey  of  Wailuku,  Maui,  that,  according  to  an 
island  tradition,  a  lateral  eruption  of  the  mountain  occurred 
about  150  years  since  in  the  district  of  Honuaaula  of  the 
southern  part  of  East  Maui,  at  an  elevation  above  the  sea 
probably  of  about  400  feet. 

6.  Actimty  of  the  Crater  ending  in  Cinder-ejections. — The 
origin  of  the  crater  of  Haleakala'  needs,  I  believe,  no  explana- 
tion bevond  that  given  in  the  remarks  on  the  origin  of  craters 
generally  :  that  a  volcanic  crater  and  the  mountain  containing 
it  commence  to  form  together  about  an  opened  vent  which 
dischar^  both  vapors  and  lavas ;  that  the  crater  is  a  result  of 
the  projectile  action  and  the  discharge  of  material  from  below, 
and  generally  also  of  subsidence  into  the  cavity  which  is  made 
by  tne  discharge ;  and  that  it  does  not  become  closed  before 
tne  central  vent  ceases  to  discharge,  and  commonly  is  not  then 
closed.* 

Haleakala  is  an  example  of  a  basaltic  volcano  which  reached 
its  end,  through  declining  fires,  in  cinder  ejections  ;  but  it  left 
its  great  crater  open,  and  2000  to  2500  feet  deep,  with  the 
greater  part  of  the  bottom  free  from  the  cinders  notwith- 
standing the  amount  discharged.  The  latest  down-plunge  or 
subsidence  by  which  the  vast  pit  and  perhaps  also  its  dis- 
charge-ways were  made,  may  tnei:efore  nave  filled  full  the 
coipty  subterranean  chambers  which  former  outflows  had  pro- 
duced, and  left  the  mountain  solid  instead  of  hollow.  Mt. 
Kea  on  Hawaii,  13,805  feet  in  height,  also  ended  its  work  with 
cinder  eruptions ;  but  the  ejected  material  of  lavas  and  cinders 
obliteratea  so  far  the  old  crater  that  no  visitor  of  the  region 
jw^  vet  found  traces  of  its  former  limits.  Whether  Mt.  Kea 
^  a  hollow  mountain  or  not  remains  to  be  ascertained. 

Since  the  above  was  written,  the  results  of  the  pendulum  in- 
vestigations of  Mr.  E.  D.  Preston  at  the  summit  of  Haleakala 
have  been  made  known  in  a  paper  published  in  the  number  of 

.  *  This  J.,  zxxv,  33,  Jan.  1888.    The  view  is  the  same  published  in  my  Ezplor- 
^K  Expedition  Report,  40  years  since. 
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this  Journal  for  November  last,*  and  have  afforded  unex- 
pected evidence  on  thcFC  doubtful  points.  They  have  led  him 
to  the  important  conclusion  that  "  the  densitv  of  the  moun- 
tain is  at  least  equal  to  its  surface  density,"  and  that,  therefore^ 
unlike  some  results  obtained  on  the  continents,  ^^  it  is  a  solid 
mountain,"  so  that  the  interior  must  have  been  left  filled  by 
the  subsidence  of  rock  that  made  the  great  crater  at  the  sum- 
mit. He  states  also  that  ^^  the  zenith  telescope  observations  at 
the  foot  of  the  mountain  indicate  the  same  fact." 

Mr.  Preston  states  further  that  at  Eohala,  on  the  north  coast 
of  the  island  Hawaii,  the  plumb-line  deflections  were  half  a 
minute  southward,  which,  he  adds,  is  well  explained  by  the  po- 
sition to  the  southward  of  all  the  great  mountains  of  Hawaii 
He  records  also  that  at  Hilo,  on  the  east  coast,  the  deflection  waa 
a  fourth  of  a  minute  to  the  northward,  Mr.  Preston  remarb 
that  '^  there  is  no  explanation "  of  this  result  at  Hilo  "  unleas 
we  assume  that  the  south  side  of  Hawaii,  where  the  volcanoes 
are  active,  is  much  less  dense  than  the  north  side  where  the 
fires  have  been  slumbering  f6r  centuries."  But  to  the  north 
of  Hilo  is  a  long  reach  of  ocean,  the  coast  of  Hawaii  there 
trending  northwest ;  the  summit  of  Mt.  Kea,  13,805  feet  high, 
is  25  miles  distant  and  bears  N.  75^  W. ;  and  that  of  Mt  I^ 
13,675  feet  high,  is  35  miles  distant  and  bears  S.  63°  W.; 
and  the  center  of  gravity  of  the  combined  mass  (the  lowest 
level  over  5000  feet)  bears  probably  a  little  south  of  due  west 
It  appears,  hence,  that  we  have  here  evidence  that  Kea  is  like  I 
Loa,  not  solid ;  that  it  is  a  hollow  mountain,  as  inferred  above 
from  the  absence  of  a  summit  crater ;  but  Mr.  Preston  is  prob- 
ably right  in  his  inference  that  Mt.  Loa  is  the  more  cavemoas- 
of  the  two.  Additional  plumb-line  and  pendulum  observations 
are,  however,  much  to  be  desired. 

2.    West  Maui. 

West  Maui  has  lost  the  original  slopes  of  its  great  cone  an^^ 
its  crater  through  erosion.  It  has  been  supposed  that  remaica^ 
of  three  great  craters  may  be  distinguished  in  the  mountains  • 
the  largest  at  the  head  of  Wailuku  or  lao  valley  on  the  norti 
border  of  which  rises  the  highest  peak,  Puu  Kukui,  5788  fe^^ 
high ;  another  in  the  less  deep  valley  of  Waihee,  just  north  oi 
tms ;  and  a  third  at  the  head  of  the  Olowaiu  valley,  to  tb^ 
south. 

I  examined  only  the  Wailuku  valley,  the  largest  of  the  thre«? 
— so  named  from  the  village  on  the  coast  near  its  entrance 
The  valley  is  a  deep  cut  into  the  mountains,  remarkably  ^raa^ 
in  its  precipitous  walls  with  thin  crested  summits.     It  widen^ 

♦  Vol.  mvi,  305. 
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>inewhat  toward  its  head,  and  in  this  upper  part  an  extensive 
lateaa  occnpies  the  center.  The  torrent  of  the  yallev  is  here 
ivided  between  two  tributaries,  one  running  either  sidfe  of  the 
lateau.  The  height  and  rather  bold  sides  of  the  plateau  at 
le  head  of  the  valley,  and  its  size  and  position,  taken  in  eon- 
ection  with  its  location  near  the  center  of  the  mountain  range, 
ppear  to  make  it  pretty  certain  that  the  plateau  represents 
le  floor,  or  rather  what  is  left  of  the  central  area,  of  tne  great 
rater.  I  looked  for  the  edges  of  lava  streams  in  the  en- 
losing  walls  in  order  to  make  out  their  pitch  and  the  thickness 
f  the  bed&  But  dense  vegetation  so  covers  everything  that 
istant  views  are  of  no  geological  value,  and  one  day's  excur- 
ion  was  not  sufficient  for  a  chmb  of  the  heights. 

As  to  the  former  crater  condition  of  the  other  two  vallevs 
Qentionedf  I  know  nothing  from  personal  observation.  Tne 
dea  of  their  having  been  craters  is  based  on  the  size,  depth, 
Jid  boldness  of  the  walls  and  the  ampitheater-like  head.  But 
ihese  features  are  common  results  of  denudation  in  old  volcanic 
.dands,  and  therefore,  in  the  question  here  considered  I  give 
them  little  weight. 

3«  I7ie  Eccentric  form  of  the  Maui  Volcanoes, 

The  map  of  Maui  illustrates  a  Hawaiian  feature  of  volcanic 
mountains  which  may  be  common  in  other  regions.  The  chief 
crater  of  the  mountain  is  not  at  its  center,  in  Haleakala  the 
fatio  of  the  radii  east  and  west  of  the  crater  is  2:3;  and  in 
W'est  Maui,  8  :  11.  The  shorter  radius  is  to  the  south-south- 
east of  the  crater  in  one  and  to  the  southeast  in  the  other. 

In  Hawaii  it  is  not  easy  to  mark  off  the  true  base  of  Mt. 
^a.  But  we  have  the  fact  that  in  both  the  summit  crater  and 
^ilanea,  the  form  is  oblong,  and  each  has  its  intenser  activity  in 
•he  more  southern  portion — the  south-southwestern  in  one,  and 
^e  soathwestem  in  the  other.  The  effect  is  not  due.  to  the 
to  the  winds,  for  the  mountains  consist  almost  solely  of  lava- 
Btreams. 


4.  Drift-made  ridge  of  consolidated  coral  sand. 

The  positions  of  the  high  ridge  of  consolidated  coral  sand  of 
^ailuku  are  indicated  on  the  map.  Whether  proof  of  eleva- 
tion or  not  is  yet  undecided.  I  was  informed  that  the  sands  are 
ft  the  present  time  drifted  by  the  trade-winds  to  the  farther 
^jJand  limit  of  these  ridges  and  over  their  surfaces — a  fact 
^hich  seems  to  show  that  present  conditions  are  sufficient  for 
their  production. 
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II.  Island  of  Oahu. 

From  the  map  of  Oahu,  Plate  4,  it  is  apparent  that  the  island 
(a)  consists  of  two  eroded  momitain  regions,  an  eastern  and  a 
western,  separated  by  a  plain  sloping  gently  downward  to  the 
opposite  coasts  and  upward  toward  the  eastern  mountains.  A 
more  remarkable  feature  (J)  is  the  long  and  high  precipice 
fronting  northeastward,  and  thus  facing  the  tradewinds.  Be- 
sides tnese  characteristics  (<?),  there  are  lateral  or  subordinate 
volcanic  cones  on  the  sea-border,  of  which  Diamond  Head  and 
its  companions,  Punchbowl,  and  the  Koko  Head  craters  on  the 
eastern  cape  (Plate  4,  figs.  1,  2,  3),  are  examples.  The  island 
is  the  only  one  of  the  group  that  has  (t^  a  nearly  continnOns 
coral  reef  fringing  the  shores.  It  owes  to  this  reef  the  harbor 
of  Honolulu,  'the  one  good  harbor  of  the  group,  and  also  the 
possibility  of  a  much  larger  and  better  one  at  Pearl  Rirer, 
seven  miles  west  of  Honolulu;  the  cutting  of  a  channel 
through  the  reef  is  all  that  is  needed,  as  has  long  been  recog- 
nized, to  make  these  capacious  inner  waters  available  for  ship- 
ping*. Another  interesting  feature  («)  is  the  existence  of  an 
elevated  coral  reef  on  the  Dorders  of  the  island,  having  its  in- 
ner limits  approximately  indicated  on  the  map  bv  a  dotted  line 

The  facts  on  which  the  following  account  oi  the  island  1 
based  and  the  views  deduced  from  tnem  are  for  the  most  par^ 
contained  in  my  Expedition  Geological  Report.  The  visit  ixi 
1840  gave  me  nearly  a  month  for  study,  which  was  indois- 
triously  employed  in  excursions  over  ana  around  the  island- 
The  accompanying  map,  on  Plate  4,  differs  little,  excepting  ii^ 
improvement  in  outline  and  topography,  from  the  colored  geo- 
logical map  of  my  Report,  and  the  outline  of  the  elevate<i 
coral  reef  and  its  coral  rock  and  sand  bluffs  are  copied  from  i't 
The  view  of  the  tufa  cones  on  the  same  plate  are  simply  ne"^ 
drawings  from  some  of  my  old  sketches.  For  fuller  jwirticix- 
lars  and  some  views  not  reproduced — as  those  of  Kaneohe  Poiri^ 
and  Aliapaakai,  I  refer  to  the  Report.  My  recent  visit  (i* 
1887)  gave  me  an  opportunity  for  another  excursion  around  ^ 
large  part  of  the  island  (taken  with  President  Merritt),  at^^ 

*  HoDolulu,  the  capital  of  the  Hawaiian  Kingdom,  was  a  collection  of  thatdi-^ 
huts  in  1 840,  with  ezceptioDS  only  in  a  Custom  House,  an  unfinished  ooral-rc^^ 
church,  and  a  few  dwellings  of  civilized  aspect.  To-day  it  is  city-like  in  i** 
houses,  its  streets  electrically  lighted,  its  public  squares,  large  Hospital  grooD^^ 
spacious  Government  buildings — among  them  a  palace  good  enough  for  any  p^ 
tentate — and  its  excellent  hotel ;  and,  through  the  addition  of  groves  and  a?eiiu^ 
of  introduced  palms  and  tropical  trees  (some  of  which  are  always  in  flower  ^ 
fruit)  it  is  fast  becoming  a  place  of  ideal  beauty.  Honolulu  is  the  center  of  ^ 
the  island  activities,  including  inter-island  navigation.  It  is  not  out  of  place  ^ 
repeat  here  that  steamers  start  every  week  or  two  for  Hawaii  and  KUauea— o*** 
route  by  Hilo  to  Keauhou,  and  thence  up  by  horseback  and  wheels,  Uie  other  ^j^ 
Punaluu  on  the  south  coast,  where  there  is  a  good  hotel  and  a  carriage  road  ^ 
the  way  to  the  volcano.     A  carriage  road  from  Hilo  to  Eilauea  is  in  prospect 
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for  further  explorations,  refreshing  old  memories  and  adding 
new  facts ;  ana  this  retam  to  the  subjeet  affords  an  occasion 
also  for  reconsidering  former  conclusions. 

1.  Features^  structure^  and  origin  of  Oahu, 

1.  General  features  ;  Contract  with  the  island  of  Maui. — 
Like  Maui,  Oanu  is  in  origin  a  volcano-doublet — that  is,  as  re- 
gards rock-structure,  it  was  the  united  work  of  two  great  vol- 
canoes, a  western  and  an  eastern.  But  unlike  Maui,  its  two  vol- 
canic cones  or  domes  have  suffered  so  great  loss  that  the  posi- 
tion of  either  crater  is  wholly  a  matter  of  conjecture. 

A  farge  part  of  the  loss  Oahu  has  suffered  is  due  to  denud- 
ing agencies.  East  Maui,  as  the  map  on  Plate  3  illustrates,  has 
lost  in  this  way  comparatively  little  of  its  original  evenness  of 
surface  owing  to  the  recency  of  its  extinction.  Its  windward 
goi^  are  narrow,  and  only  shallow  gulches  occur  over  the  lee- 
ward surface.  The  ratio  of  its  diameters  at  base,  1:1*8,  is 
probably  very  near  the  original  ratio.  West  Maui  is  pro- 
loundly  gorged  on  all  sides  and  most  deeply  so  to  windward, 
illnstrating  results  of  longer  wear  than  East  Maui  has  had. 
Bat  someuiing  of  the  old  slopes  remain,  and  in  the  base  we 
have  still  the  ratio  of  its  old  diameters,  1 :  1*4,  with  the  outline 
little  indented.  The  double  lesson  is  taught :  (1)  what  denud- 
ation from  descending  waters  does  to  a  volcanic  cone  5°  to  10® 
in  bIojhb  in  the  region  of  the  trades ;  (2)  what,  on  the  contrary, 
the  sea  cannot  do,  no  encroachments  of  note  existing  to  attest 
to  its  power,  notwithstanding  the  length  of  the  era  of  denudation. 
Oahu  resembles  Maui  in  having  tne  western  mountain-cone 
the  most  time- worn  and  the  smaller  in  area,  but  here  the  like- 
ness ends.  Both  of  its  mountains  are  deeplv  eroded.  Further, 
East  Oahu  has  only  part  of  its  old  slopes  left.  They  remain 
only  on  its  southern,  western  and  northern  sides ;  tne  north- 
^tem  are  cut  off  by  the  great  precipice,  twenty  miles  long, 
^hich  is  made  for  the  most  part  of  the  edges  of  the  lava- 
streams  that  slope  southward  and  westward.  The  sharp-edged 
serrated  ridge,  making  the  summit  of  the  precipice,  is  from 
1W)0  to  30(X)  feet  in  height,  and  at  its  northeastern  base,  from 
^naloa  eastward,  there  is  in  general  only  a  narrow  strip  of  low 
land  with  low  hills,  the  width  but  three  or  four  miles  except 
^  the  Kaneohe  peninsula.  The  precipice  continues  beyond 
■Kualoa  northwestward,  but  not  the  low  land  at  its  base. 

These  features  have  occasioned  peculiarities  in  the  results 
^^  denudation  on  East  Oahu.  The  leeward  or  south  and 
southwestern  sides  have  long  and  deep  valleys,  some  of  them 
heading  in  broad  amphitheaters  under  the  crested  mountain 
^^ge.  The  windward  side,  along  the  20-mile  precipice,  on 
^he  contrary,  has  buttresses  and  shallow  alcoves,  with  a  but- 
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tress  here  and  there  lengthening  ont  into  a  rid^ ;  and  only  fu^ 
ther  ncHihweet,  beyond  Knaloa,  are  there  the  longer  valleys  or 
gorges  and  ridges  and  the  mountain  architecture  characterifidc 
of  deeply  worn  windward  slopes. 

The  only  broad  valley  of  the  leeward  or  soath  and  southwest- 
ward  slope  that  is  continued  upward  with  gradual  ascent  to  the 
very  ed^  of  the  precipice  is  that  of  Nuuanu,  behind  the  city  of 
Honolcuu.  It  is  the  valley  to  the  left  in  fig.  2  on  Pkte  i 
Six  miles  up  it  ends  in  the  ^^valij^  or  precipice,  and  overloob 
the  northeastern  sea-border  plains  and  hills.  The  height  of  the 
^^  pali "  is  only  1207  feet  above  the  sea ;  but  on  either  side  are 
the  highest  peaks  of  the. range,  Konahuanui  3105  f^t  in 
height,  and  lAnihuli,  2775  feet 

Great  denudation  on  the  leeward  side  of  an  island  is  an  ex- 
ception to  the  usual  rule.  It  is  a  consequence,  on  Oahn,  of 
the  sharp-crested  20-mile  precipice.  The  trade  winds  become 
chilled  on  striking  the  summit  of  the  precipice  and  re&djt 
therefore,  to  drop  their  moisture  ;  but  as  they  are  moving  on, 
they  get  beyond  the  summit  before  much  of  the  moistore 
falls,  and  so  the  leeward  slopes  receive  the  water.  In  the 
upper  part  of  the  Xuuanu  valley,  within  two  miles  of  QiepaH, 
132  inches  of  rain  fidl  a  year,  and  nearly  100  inches  less  than 
this  at  Honolulu,  although  brief  sprinklings  occur  almost  daify 
over  the  city.  Konahuanui  and  Lanihuli,  as  seen  from  Hono- 
lulu are  generally  under  clouds,  but  from  Kaneohe  they  are 
usually  uncovered. 

A  nearly  similar  condition  exists  in  West  Maui,  owin^  to 
the  thinness  of  the  rocky  walls  at  the  head  of  its  ^reat  valieys. 
Yery  broad  vaUeys  are  consequently  made  on  the  leeward  siae, 
as  in  Oahu ;  but  these  valleys  soon  end  below  in  a  slender 

SJch,  whidi  may  be,  for  the  most  of  the  year  a  '*  dry  nm  f 
e  excessive  dryness  and  heat  of  the  lower  plains  evaporating 
powerfully  and  supplying  no  water. 

2.  Orographic  condition  of  East  Oahu. — From  the  fafft* 
mentioned,  it  appears  to  be  plain  that  the  chief  structural  dif- 
ference between  East  Oahu  and  East  Maui  is  that  the  latter  i^ 
a  whole  volcanic  mountain,  and  the  former  a  piece  of  on^* 
By  some  means  the  Oahu  mountain-cone  or  dome  has  lost,  9» 
I  concluded  in  1840,  a  large  piece  from  its  mass — all  that  otlC^ 
existed  northeast  of  the  20-mile  precipice.  The  size  of  tb« 
lost  piece  it  is  not  easy  to  determine.  The  lava  streams  of  tb^ 
leeward  slopes,  which  dip  away  from  the  precipice  mostly  •^ 
an  angle  of  3°  to  5^  (as  seen  in  the  intersecting  valleys),  ma^^ 
have  come  from  some  point  or  points  beyond  it  to  the  north' 
eastward. 

Following  the  leeward  slopes  around  westward  and  north- 
ward  we  find  all  pointing  upward  toward  the  hij^Mr  part  of 
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e  mountainB,  as  if  the  source  were  somewhere  in  that  direc- 
m  ;  but  Inst  where,  remains  in  donbt;  and  it  may  be  even 
leetionea  whether  there  may  not  have  been  two  or  more 
eat  craters  along  the  line. 

^o  x>oint  or  region  has  a  more  reasonable  claim  for  consider- 
Lon  in  this  respect  than  the  head  of  Nnuann  valley.  In  situ- 
Lon  and  width,  and  the  features  at  its  head,  it  is  just  what 
onld  be  looked  for  in  a  great  discharge-way.  On  my  recent 
ait  I  sought  for  facts  bearing  on  the  question  and  found  the 
p  of  the  beds  to  diminish  n-om  3°  to  1®  toward  the  top,  and 

the  "  pali,"  the  beds  were  very  nearly  or  quite  horizontal 
liis  is  favorable  to  the  conclusion  that  the  crater  was  either 

its  head  or  near  by  it,  just  beyond  the  precipice.  The  low 
ad  below,  over  the  Kaneohe  peninsula  and  between  this  pe- 
nsula  and  the  ^^  pali,"  is  a  re^on  of  tufa  hills  and  other  small 
^nes,  unlike  any  part  elsewhere  of  the  north  or  northeast 
>ast.  In  addition,  at  the  head  of  Nuuanu  valley,  very  near 
le  top  of  the  "  pali,"  there  are  the  remains  of  a  red  cinder 
>ne.  Besides  this,  on  descending  the  steep  ^^pali"  by  the 
ath,  there  is  to  the  east  of  the  path  a  long  broad  slope,  35°  to 
0°  in  angle,  consisting  of  reddish  layers  of  volcanic  cinders, 
coria,  earth  and  stones — indicating  cinder  ejection  from  some 
wint  above. 

It  is  therefore  most  probable  that  the  center  of  volcanic  ac- 
ivity  for  East  Oahu  was  in  the  vicinity  of  the  "  pali,"  above  the 
ow  region  a  little  to  the  northeast  of  it.  The  cinder  cones 
tbove  mentioned  may  have  been  results  of  the  last  efforts  of 
he  declining  fires,  like  those  of  Haleakala  and  Mt.  Kea. 

In  1840, 1  was  led  to  locate  the  central  crater  on  the  Kan- 
ohe  peninsula,  because  the  head  of  the  ^'  pali "  was  so  near 
le  southern  foot  of  the  mountain ;  I  thought  it  must  have 
een  farther  off.  But  the  fact  that  the  volcanic  mountains  of 
«afit  and  West  Maui  are  eccentric  in  ground-plan,  and  that 
tie  same  feature  quite  certainly  characterized  this  Oahu  cone, 
Qakes  the  position  near  the  "  pali "  the  most  probable.  In 
3ideakala  tne  center  of  the  crater  is  only  six  miles  from  the 
outhem  shore ;  and  this  distance  in  the  Oahu  crater,  on  the 
ibove  supposition,  would  be  about  seven  miles.  The  idea  of 
^  eccentric  cone  fourteen  or  fifteen  miles  in  the  transverse 
diameter  through  the  crater  is  thus  strongly  favored.  On  fur- 
^W  comparison  with  Haleakala,  we  find  that  the  part  of  the 
longer  diameter  of  the  mountains  which  lies  northwest  of  the 
<*nter  of  the  crater  is  about  19  miles  in  length  on  Maui,  and 
^^  Oahu  it  would  be  nearly  25  miles.  The  small  dip  of  1°  to 
3°  prevails  widely  about  the  mountains  at  Kualoa  point  and 
^  the  northward,  as  well  as  in  the  upper  part  of  the  Manoa 
^valley,  west  of  the  Nuuanu ;  and  from  this  it  may  be  inferred 
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that  the  East  Oaha  mountaiD  was  a  dome,  like  Mt.  Loa,  rather 
than  a  cone  like  Haleakala.  The  existence  of  one  or  more 
craters  west  of  the  ^^pali"  has  been  urged,  and  is  possible. 
I  know  of  no  special  facts  sustaining  it.  The  amphitheater  at 
the  head  of  Manoa  valley  is  referred  to  by  Mr.  Brigham  as 
probably  the  site  of  a  crater ;  but  I  was  more  inclined  from 
my  examination  to  make  it  an  amphitheater  of  erosion* 

3.  Origin  of  the  long  precipice  on  Oahu. — The  long  preci- 
pice of  East  Oahu  has  been  attributed  to  erosion.  But  I  have 
foxmd  no  evidence  that  such  transverse  walls  are  legitimate 
efiects  of  erosion,  either  fluvial  or  marine.  As  illustrated  on 
Maui  (p.  91),  the  sea  works  with  extreme  slowness  in  batte^ 
ing  lava-clim,  and  cannot  work  at  all  below  the  limit  of  force- 
fui  wave-action — a  level  not  twenty  feet  beneath  the  surface. 
Fluvial  action  makes  long  vaUeys  in  the  long  descending 
mountains  and  capes  which  the  sea  is  incapable  of  obliterating. 
Land  waters  have  done  grand  work  in  alcoving  the  long  preci- 
pice, and  carving  battlements  and  temples  out  of  the  rocky 
piles  that  were  left,  as  is  well  exhibited  in  the  Kualoa  blnfb, 
while  the  sea  has  not  even  scraped  away  the  small  tufa  cones 
on  its  borders.  It  might  be  said  that  the  cones  of  Kaneobe 
and  the  "pali"  have  been  made  since  the  era  of  erosion;  but 
this  disconnects  their  origin  by  a  very  long  era  from  the 
period  of  activity  in  the  crater. 

Another  view  with  regard  to  the  origin  of  the  precipice  is 
that  of  my  Expedition  Report,  namely  that  it  was  maoe  by  a 
profound  fracturing  of  the  mountain-dome  across  from  south- 
east to  northwest,  and  a  drop-down  of  part  of  the  outer  or 
eastern  section.  The  line  of  micture  was  irregular — the  course 
rather  of  a  series  of  fractures;  and  subsidences  of  varying 
extent  may  have  taken  place  along  the  line,  becoming  smaller 
to  the  northwest,  where  nigh  ridges  are  left  between  the  preci- 
pice and  the  coast.  The  amount  of  displacement  was  not  less 
than  the  height  of  Konahuanui,  3105  feet,  and  probably  much 
exceeded  this. 

Great  catastrophic  subsidences  are  not  uncommon  in  volcanic 
regions.  In  the  account  of  Maui  and  its  crater  the  fact  of  a 
suDsidence  not  less  than  2500  feet,  accompanying  and  follow- 
ing some  one  of  its  eruptions,  appears  to  be  placed  beyond 
doubt  Hawaii  has  plain  evidences  about  its  crater  of  subsi- 
dences hundreds  of  feet  in  amount  of  displacement  if  not 
thousands ;  and  there  are  high  precipices,  like  that  at  Kealake- 
kua  Bay,  for  which  there  appears  to  be  no  other  probable  source 
of  origin. 

The  small  western  island  of  the  Hawaiian  group,  Niihau,  hfii-S 
a  bold  precipice  as  its  eastern  face,  1500  to  1800  feet  t*^ 
height  above  the  sea,  and  the  lava-streams  of  the  island  pitc^t^ 
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le  precipice  to  the  westward,  showing  that  the  streams 
from  a  point  to  the  eastward,  and  that  a  large  piece, 

the  larger  part,  of  an  old  volcano  has  disappeared, 
lorth  of  Niihao,  has  its  Napali  cliS,  a  dozen  miles  long, 
s  southwest  side,  in  a  line  with  the  Niihan  clifE.  Molo- 
;he  east  of  Oahn,  was  once,  as  its  lava-streams  prove,  a 
of  volcanoes,  like  Maui ;  but  it  has  been  shaved  down 
p  of  land  35  miles  long,  and  not  a  fifth  of  this  in  mean 

The  eastern  part  has  an  alcoved  precipice  facing  the 
vhich  rises  to  a  height  of  2500  feet  above  the  sea.  It 
(  a  strip  of  land  along  the  sea  shore,  and  on  this  spot, 
ailed  in,  it  has  been  found  convenient  to  locate  the 
[uarantine-ground  of  the  islands.  Lanai,  a  narrow  island 
f  Molokai  about  20  miles  long,  has  a  bold,  front  to  the 
nd  gradual  slopes  from  it  in  other  direction&  Thus 
ecipices  are  ratner  the  rule  in  the  Hawaiian  Rroup  ;  and 
lOre  erosion  is  not  the  origin — as  an  island  like  Tahiti, 

profound  radiating  gorges  as  a  result  of  fluvial  action 

non-gorged  coast,  appears  to  show* — ^fractures  and 
Qce  must  be. 

sat  volcano  is  a  disgorger  of  lava  in  vast  floods  and  so  it 
ts  mountain ;  and  it  may  make  also  empty  cavities  at  the 
[ne  and  as  a  consequence.  As  long  as  the  ascensive 
3eps  the  liquid  lava-column  of  the  active  volcano  fully 
le  summit  crater,  the  mountain  may  have  only  local 
But  whenever  a  great  discharge  takes  place,  a  coequal 
Day  result ;  and  if  the  discharge  is  from  flssures  at  the 
the  cone,  15,000  to  18,000  feet  below  the  sea  level  (not 
M  depth  than  exists  in  the  neighboring  seas)  an  enormous 
aay  be  left,  which  only  the  renewed  action  of  the  ascen- 
•ce  would  fill.  If  the  mountain  then  became  extinct 
•  return  of  the  liquid,  it  would  be  a  hollow  mountain ; 
greatest  of  subsidences  which  the  Hawaiian  facts  seem 
ate,  are  small  compared  with  the  possible  consequences 
a  condition. 

\e  Tufa  and  other  Lateral  cones  of  East  Oahu. — Several 
J  cones,  as  already  stated,  are  represented  on  Plate  4. 
hbowl,  fig.  2,  stands  on  the  northern  border  of  Hono- 
P  on  the  map).t  Its  highest  point  is  498  feet  above 
el.  The  tufa  of  the  beds  constituting  it,  though  rather 
consolidated,  is  quarried  on  the  west  side  of  the  cone, 
3cimens  may  there  be  conveniently  obtained.  It  is  a 
to  brown,  in  part  resin-lustered,  palagonite-like  rock, 

evidence  in  its  constitution  and  in  the  dip  of  the  beds. 

Journal,  xxxii,  247,  1886. 

ketch  was  taken  in  1840  from  the  deck  of  the  ship  Peacock  as  she  lay 

rbor.    The  native  huts  at  its  foot  are  omitted. 
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that  lund-making  warm  waters  were  concerned  in  the  depoo- 
tion :  and  its  being  of  brown,  in  place  of  red,  color,  is  probable 
evidence  that  the  temperatnre  oi  the  water  was  below  200®  F. 

Diamond  Hill,  fig.  1,  makes  the  prominent  cape  east  of 
the  city;  its  bold  southern  brow  has  a  height  of  761  feet 
above  the  sea  at  its  base.  It  is,  like  Pnnchbowl,  a  fine  example 
of  the  typical  tufa-cone  in  its  broad  and  shallow,  saucer-shaped 
•crater,  with  the  stratification  parallel  to  the  bottom  of  the  sau- 
cer and  to  the  original  outer  slope.  These  slopes  have  become 
deeply  trenched,  as  the  view  shows,  by  descending  waters ;  and 
since  1840,  the  southern  brow  has  lost  something  of  its  bold* 
ness.  Two  other  cones  stand  in  a  line  to  the  north  of  it,  the 
first,  a  place  of  lava  outflow.  The  three  vents  appear  to  be  sit- 
uated on  a  single  line  of  fracture. 

The  Eoko  Head  tufa-cones  are  situated  at  the  east  extremitr 
of  the  island.  The  view  (fig.  8)  was  taken  from  the  east- 
ward at  sea  The  larger  or  more  northern  of  the  two  cones  is 
much  denuded  inside  and  out.  The  other  low  cone,  situated 
on  the  Point,  is  worn  to  its  center  by  the  sea,  and  has  thereby 
been  made  to  exhibit  to  the  passing  vessel  (as  it  goes  from  or 
toward  Honolulu)  the  dip  of  its  tufa  beds  inward  and  outward, 
and  thereby  the  true  structure  of  such  a  cone. 

Artesian  borings  on  Oahu  afford  some  facts  bearing  on  the 
history  of  Diamond  Head  and  Punchbowl  The  borings 
were  made  by  Mr.  J.  A.  McCandless  of  Honolulu,  and  recordg 
of  a  number  of  them  have  been  received  from  him  through 
Prof.  W.  D.  Alexander. 

L  The  following  section  is  from  James  Campbell's  well,  at  the 
west  foot  of  Diamond  Head,  not  far  from  the  sea-level. 

Thickness.     Depth. 

Gravel  and  beach  sand 60  feet     

Tufa  like  that  of  Diamond  Head 270  320  feet 

Hard  cobal  book,  like  marble 505  825 

Dark  brown  clay 75  900 

Washed  gravel 25  926 

Deep  red  clay 96  1020 

Soft  white  coral 28  1048 

Soapstone-like  rock 20  1068 

Brown  clay  and  BBOKBN  coBAL 110  1178 

Hard  blue  lava 46  1223 

Black  and  red  clay 28  1251 

Brown   lava 249  1600 

The  well  went  down  1178  feet  before  reaching  the  solid  Ian 
of  the  bottom.  In  its  upper  part  it  passed  through  270  feel 
of  tnfa,  indicating  that  the  tufa-cone  extended  below  the  sea- 
level  to  this  depth,  and  therefore  had  a  total  height  of  over 
1000  feet.    Below  the  tufa,  between  the  320-foot  and  825  foot 
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levels,  there  are  506  feet  of  hanrd  coral  rock;  and  then  on  the 
1045-foot  level,  a  28-foot  layer  of  soft  white  coral  and  at  a 
greater  depth,  brown  clay  and  broken  coral.  As  the  well  is 
close  by  the  west  foot  of  the  Head  and  passes  through  so  much 
of  its  tufa,  it  is  quite  certain  that  the  505-foot  stratum  of  lime- 
stone was  made  before  the  tufa-eruption ;  and  that  the  beds 
underneath  it  mark  earlier  conditions  over  the  site. 

As  regards  a  supply  of  fresh  water  the  well  was  a  failure — 
an  exception  to  the  usual  experience.  The  water  came  up  salt 
and  a  much  stronger  brine  tnan  sea-water.  It  was  under  some 
pressure,  as  it  stood  a  foot  above  the  level  of  surface  wells 
nearby. 

Other  borings  have  been  made  in  Waikiki — the  sea-border 
district  just*  west  of  Diamond  Head.  The  section  afforded  by 
the  deepest  of  the  Waikiki  wells  is  here  inserted  for  compan- 
flon.  It  is  that  of  the  King's  well,  No.  2 — about  half  a  mile 
west  of  Diamond  Hill  and  850  yards  from  the  seashore. 

Thickness.    Depth. 

Sand  and  coral 38  feet   

White  coral  rock 22  60 

Yellow   sand 43  103 

Hard  lava 47  160 

White  cobal  bock 110  260 

Blue  clay 26  285 

Tough  clay  and  cobal 65  350 

Blue  clay 30  880 

Hard  coral  rock 40  420 

Soft  coral 30  450 

Tough    clay 6  455 

White  coral  rock 40  495 

Tough  clay 30  525 

White  corax  rock 100  625 

Tough    clay 6  630 

Coral  and  clay 70  700 

Touch   clay 28  728 

Black  sand 2  730 

Lava 120  860 

lu  this  well,  the  upper  320  feet  probably  correspond  approx- 
^ately  to  the  upper  tufa-made  portion  of  the  preceding.  It 
18  remarkable  that  tufa  is  wholly  absent,  although  the  distance 
^na  the  active  vent  was  so  small ;  but  this  is  accounted  for 
^y  the  direction  of  the  trade  winds,  which  would  have  carried 
^^  ejected  material  seaward — the  direction  in  which  the  hill 
M  elongated.  Moreover  the  tufa-cone  although  1000  feet  high 
J^  have  been  thrown  up  in  a  single  year  or  less.  Instead  of 
^for  the  upper  part,  there  are,  underneath  38  feet  of  sand  and 

^  JOOTL  8oi— Thhu)  Sebibs,  Vol.  XXXVII,  No.  218.— Fbb.,  1889. 
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coral,  22  feet  of  white  coral  rock ;  110  feet  more  of  the  coral 
rock  above  the  260-foot  level,  and  65  feet  of  "  tough  clay  nod 
coral "  next  above  the  350-foot  level.  Further,  beginniDg  with 
the  885-foot  level,  coral  rock  is  continued  to  the  700-foot  level, 
or  for  315  feet,  with  the  exception  of  40  feet  of  clay  divided  . 
between  three  layers  ;  and  this  315-foot  layer  of  limestone  ap- 
pears to  correspond  to  the  505-foot  layer  between  320  and  825 
leet  in  the  other  section.  The  solid  lava-stream  of  the  bottom 
of  the  well  was  reached  at  730  feet  The  amount  of  water 
obtained  proved  that  the  lava-stream  was  one  of  those  from 
the  mountain.  It  is  overlaid  by  2  feet  of  volcanic  sand  and 
28  of  tough  clay,  the  sand  serving  to  contain  the  water  and  the 
clav  to  confine  it,  conditions  suited  to  make  the  well  a  snccees. 

In  these  sections  the  intercalated  beds  of  so-called  "  clay" 
vary  widely  in  position  and  thickness,  and  appear  to  be,  in  gen- 
eral, local  deposits  from  mountain  streams,  or  tufa  deposits 
from  one  source  or  another.  In  another  boring  in  Waikiki,  a 
bottom  of  solid  lava  was  reached  at  375  feet ;  and  in  a  third, 
Goo  Kim's  well,  at  475  feet.  The  former  had  an  intercalated 
lava-stream  at  a  depth  of  206  feet,  and  the  other  at  160  feet 
In  Goo  Kim's  well,  which  was  nearly  a  mile  from  the  seashore, 
there  were  26  feet  of  coral  rock  above  the  150-foot  level,  and 
194  feet  of  coral  rock  above  the  430-foot  level  but  with  two 
intercalations  of  a  20-foot  layer  of  "clay"  in  the  stratum. 
The  facts  as  to  the  varying  levels  of  the  "  clav  "  beds  and  the 
intercalation  of  lava-streams  show  what  accidents  the  living 
species  of  the  sea  and  its  reefs  were  exposed  to.  They  mJtt 
the  existence  of  a  contmuous  505-foot  stratum  of  coral  lime- 
stone underneath  the  tufa  of  Diamond  Head  the  more  re- 
markable. 

The  artesian  wells  made  within  the  limits  of  •  the  city(«f 
Honolulu  might  be  expected  to  throw  light  on  the  history  of 
Punchbowl 

1.  A  well  in  "  Thomas  Square,"  just  south  of  Punchbowl, 
aJSorded  the  following  section. 

Soil  6  feet,  with  6  of  black  sand  and  "clay"  4 16  ft.    ... 

White  coral  rock 200  216  ft 

Brown    clay 44  260 

Coral  rock 10  270 

Brown  clay 60  830 

White  coral  rock 60  880 

Brown  clay 80  460 

Bed  rock  or  lava,  penetrated 49  609 

2.  In  "  Mr.  Ward's  well,"  below  Thomas  Square,  on  Ki^ 
street,  there  were  at  the  top  15  feet  of  loam  and  sand,  then  iSl 
feet  of  "hard  coral  rock,"  carrying  tjie  depth  to  195  feet; 
again  24  feet  of  coral  and  shells  above  the  219-foot  level ;  and 
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n,  underneath  109  feet  of  "  yellow  clay "  which  may  be 
nchbowl  tufa,  28  feet  of  coral  rock  above  the  393-foot  level, 
1 107  feet  of  white  and  yellow  sand  below  it ;  with  the  bot- 
1  lava  at  508  feet  covered  by  4  feet  of  quicksand.  An 
indant  flow  of  water  was  obtained. 

}.  South  of  the  last,  in  the  "  Kewalo  well,"  beffun  near  the 
rlevel,  beneath  6  feet  of  black  volcanic  sand,  uiere  were  50 
!t  of  coral  rock  over  a  40-foot  layer  of  hard  lava ;  then  190 
jt  of  coral,  divided  in  two  by  an  intercalated  80-foot  layer 
"day,''  over  the  850-foot  level;  with  the  bottom  lava-bed 
620  feet 

4.  Section  from  a  well  in  the  Palace  yard : 

Soil  4  feet,  black  sand  4 8  feet.     .•• 

Coral   rock 64  72  feet. 

Hard  lava 6  78 

White  coral  rock 60  138 

Clay - 240  878 

Coral  rock 75  452 

Clay  and  gravel : 254  707 

Lava  or  bed  rock  penetrated 55  762 

Of  the  above  sections  1,  2  and  3  have  a  thick  bed  of  clay 
I  the  260-foot  to  280-foot  level ;  1,  2  and  4  on  the  830-foot, 
fO-foot  and  378-foot  levels ;  1  and  2  and  3  on  460-foot,  500- 
ot  and  585-foot  levels  ;  and  No.  4,  a  layer  254  feet  thick  on 
e  707-foot  level  or  the  bottom  rock.  It  is  possible  that  one 
'  more  of  these  of  "  clay  "  may  be  decomposed  tufa  of  Punch- 
)wl  origin.  But  to  refer  all  to  this  source  would  make  the 
aiod  of  eruption  of  very  improbable  length.  The  "  black 
nd  "  below  the  soil  in  Honolulu  is  naturally  referred  to  this 
urce.  But  more  investigation  is  required  for  a  decision. 
bere  is  no  evidence  that  Diamond  Head  and  Punchbowl  were 
'  simultaneous  oririn. 

5.  West  (?aAi^.— The  mountains  of  West  Oahu  cover  at  the 
"esent  time  a  much  smaller  area  than  those  of  East  Oahu. 
heir  original  dimensions  we  have  no  data  for  estimating.  The 
ghest  peak,  KaaJa,  in  the  northeast  part  of  the  group  of  sum- 
its,  has  a  height,  according  to  the  government  survey,  of 
)86  feet — ^whicn  is  681  feet  greater  than  that  of  Konahuinui ; 
id  besides  this,  there  are,  in  the  southeastern  part,  peaks  of 
105  and  3110  feet.  These  elevations,  and  the  deep  and  open 
iUeys  divided  off  by  sharp  ridges,  are  suflScient  evidence  tnat 
le  mountain  range  is  but  a  small  remnant  of  the  once  great 
olcanic  mountain,  probably  a  loftier  mountain  than  that  of 
last  Oahu.  Denudation  has  had  a  far  longer  time  for  its  dis- 
wstmg  work,  and  has  done  much  to  diminisn  the  area  it  covers. 
'Aether  great  loss  has  resulted  alsp  from  subsidence  is  not 
*certained 
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The  fact  that  the  volcano  of  Eaat  Oaho  was  in  foil  iu^on 
long  after  the  extension  of  the  western  cone,  is  shown  (as  I  fint 
observed  in  1840  and  again  in  1887)  by  the  encroachment  of 
the  eastern  lava-streams  over  its  base,  and  the  burial  in  part  of 
the  valleys.  The  accom- 
panying  sketch  ie  a  new, 
«;;!r^.flr"in^ra7«!Jn  looking  westward  from  the 
^S"'- ^"'iv^^ V-"^S:^  plain  made  bythe  encroach- 
^^^''''■^•S^-^--':'' '  ^^^  lavas,  showing  how  the 
lifcv-r.Jtilii'iL'rlW'iftw'ii^.  -  :  lavas  dammed  np  the  al- 
ready made  valleys  of  Wefi 
Oahn,  and  forced  the  dndn- 
age  waters  to  take  a  nortli 
or  south  direction,  neirlT 
parallel  with  the  base  of  the  mountain,  in  order  to  reach  the 
sea.  The  courses  of  these  streams  are  shown  on  the  mip. 
The  depth  of  burial  by  the  East  Oahu  lavas  was  probably  some 
hundreds  of  feet. 

2.  Evidence  of  recent  change  of  level. 

1.  Elevation. — Evidence  of  recent  upward  change  of  lerd  ie 
afforded  by  the  elevated  coral  reef  along  the  sea-border.  The 
dotted  line  on  the  map  (Plate  4} has  already  been  pointed  ton 
approximately  the  inner  limit  of  the  raised  reef;  the  bduQ 
dotted  areas  about  Kahukn  Point,  the  prominent  north  cape  of 
the  island,  and  in  Laie,  the  district  next  southeastward,  hesidn 
others  west  of  Waimanalo,  are  the  positions  of  hills  or  blnfi 
made  of  the  reef  rock  and  consolidated  drift  sanda  The  rod 
is  in  some  parts  a  beautiful  wliite,  fine-drained  building  stone; 
but  generafiy  it  has  sudden  transitions  m  texture  and  Iirmnea, 
and  much  of  it  is  a  consolidated  mass  of  broken  corals,  or  ek 
of  standing  corals  made  compact  or  nearly  so  with  coral  Band. 
Along  southern  or  southwestern  Oahu  the  neight  of  the  reef  if 
fifteen  to  thirty  feet ;  and  I  estimated  the  amount  of  elevatioD 
indicated  by  it  in  1840  at  30  to  40  feet. 

At  the  Kahuku  bluffs,  which  I  visited  anew  in  1887  («« 
figure  2),  the  solid  coral  reef  rock  extends  up  in  some  plaoei 
to  a  height  by  estimate  of  fifty  to  sixty  feet  aoove  tidelerelj 
and  this  is  surmounted  by  drih-eand  rock,  made  of  beach  com 
sands  that  were  drifted  into  hills  on  the  coast  when  the  resf* 
rock  was  submerged,  adding  twenty  feet  or  more  to  the  heighL 
There  are  large  caverns  in  the  blufis,  which  are  mostly  witnil 
the  upper  layer  of  the  coral  reef-rock  and  have  the  drift-awd 
poek  as  the  roof.  In  the  sketch,  a  faint  horizontal  line  inn 
be  seen  passing  by  the  top  of  the  cavern ;  it  separates  the  be« 
of  different  origin.  The  coral  reef  rock  consists  mostly  of  w 
mented  masses  and  branches  of  corals  of  the  kinds  oommoa '~ 
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}dern  reef,  and  also  has  often  the  corals  in  the  poeitioitB 
wth.  BtiI  the  wiad-drift  beds  show  the  qDaqnaversal  or 
Blv-strikiiig  dip  common  in  wind-made  drifts,  as  rep- 
;a  in  the  two  aections  below. 


o  HActioDBorthe 


change  of  level  along  northern  Oahn,  according  to  the 
pom  Kahutu,  appears  to  have  been  at  least  sixty  feet,  or 
'  feet  greater  J;nan  on  its  sonthem  side.  Even  with  an 
te  measurement  of  the  height  of  the  reef -rock  about  Oahu 
lonnt  of  elevation  would  remain  doubtful  becatise  the 
eefs  off  the  island  are  at  present  nowhere  up  to  low-tide 
and  this  may  or  may  not  have  been  the  fact  before  the 
!  of  level  took  place. 

surface  of  the  elevated  reef  of  Oahn  is  exceedingly  nn- 
rom  anequal  constmction  and  erosion,  and  its  interior  has 
e  places  large  and  winding  caverns,  so  that  an  overlying 
ion,  were  tnere  one,  would  afford  an  example  of  uncon- 
'nUtfl/  by  denudation.  It  is  obvious  that  with  greater 
sn,  the  nnevenneSB  would  be  as  much  greater,  large 
I  to  get  the  credit,  perhaps,  of  representing  an  interval 
y  thousands  of  years,  altnongh  results  of  the  "  modern  " 
in  geology.  Denudation  works  rapidly  among  lime- 
and  especially  so  when  the  limestones  have  jnst  left  the 
with  tne  usual  irregularities  of  upper  surface  and  texture. 
ubeidence. — A  gradual  subsidence  of  the  island  is  appar- 
adicated  by  the  coral  reefs,  through  the  depth  to  which 
ive  been  found  to  extend  in  Artesian  borings.  In  these 
it  described  on  page  96,  a  depth  of  700  to  800  feet  was 
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found  for  the  coral  rock,  and  more  than  1,000  for  broken 
corals ;  and  over  700  is  reported  by  Mr.  McCandless  from  a 
well  in  the  Eua  district,  about  five  miles  west  of  Honololn. 
The  facts  lead  to  the  inference  that  the  subsidence  amounted 
to  at  least  800  feet,  and  that  it  corresponds  to  the  coral-reef 
subsidence  which  Darwin's  theory  requires.  Mr.  McCandless 
informed  me  that  fragments  of  corals  like  those  of  the  modem 
reefs  were  brought  up  from  the  various  levels. 

This  evidence  of  subsidence  to  the  amount  stated  is  not,  how- 
ever, complete.  Doubt  remains  because  the  corals  brought  up 
in  fragments  have  not  been  examined  by  any  one  competent  to 
decide  on  their  actual  identity  with  existing  species ;  I  could 
not  find  that  any  of  them  had  been  preserved.  The  import- , 
ance  of  their  preservation  and  careful  study  is  now  understood, 
and  we  may  hope  before  long  to  have  the  doubt  removed.  As 
the  case  stands,  the  probahihty  is  that  the  limestone  is  to  the 
bottom  true  coral-reef  rock  and  that  the  depth  to  which  it  ex- 
tends is,  therefore,  a  measure  of  actual  subsidenca 

DarwvrCs  Coral  Island  theory, — In  the  above  statements 
the  present  condition  of  Darwin's  theory  of  Coral  Islands,  is 
fully  and  fairly  recognized.  Much  has  been  recently  written 
about  the  theory's  having  been  set  aside  or  proved  to  be  wiflioiit 
foundation.  But  in  truni,  no  facts  have  been  published  that 
prove  the  theory  false,  or  set  aside  the  arguments  in  its  favor. 
The  facts  and  arguments  from  Tahiti  brought  out  by  Mr. 
Murray  I  have  shown,  in  my  review  of  the  subject  m  this 
Journal  in  1886*  (published  also  at  the  same  time  m  the  Lon- 
don Philosophical  Magazine),  to  have  no  weight  and  more  than 
this,  to  sustain  Darwin's  theory,  instead  of  opposing  it  The 
idea  of  the  excavation  of  the  lagoon-basins  of  coral  islands  by 
sea-waters  I  have  also  proved  in  the  same  paper  to  be  not  a 
possibility. 

The  only  suggestion  of  real  importance  that  has  been  pre- 
sented 18  not  against  Darwin's  explanation,  but  simply  in  favor 
of  a  possible  substitute.  Mr.  A.  Agassiz  and  others  have  fiog^ 
gcsted  that  deep-sea  organisms  may  build  up  limestone  over  the 
sea-bottom,  and  thus  raise  the  rock  to  the  level  where  reef- 
forming  corals  may  grow,  or  within  100  to  150  feet  of  the  sur- 
face ;  and  that,  in  this  way,  coral  reefs  and  islands  may  hav^fl 
been  formed  without  subsidence.  Mr.  Guppy  has  shown  th»^ 
some  coral-made  limestone,  in  the  southwest  Pacific,  actual^ 
has  a  base  of  limestone  that  had  been  made  by  other  lii^ 
than  that  of  reef- corals.  This  is  all  the  foundation  for  setting 
aside  Darwin's  conclusions.  It  is  good  ground  for  doabtiDg^i 
and  a  good  reason  for  investigatmg  the  nature  of  the  ocm^ 
limestone  in  the  various  coral-reef  regions  of  the  Pacific  n^ 

«aiidlfl0. 
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lepths  below  the  level  of  100  to  150  feet — as  I  state  in  the 
LTticle  referred  to,  where  I  propose  that  deep  borings  should 
36  made,  under  government  authority,  on  a  sufficient  scale  to 
settle  the  question.     The  borings  have  been  made  on  Oahu ; 
but,  as  I  say  above,  the  fossils  of  the  reef -rock  passed  through 
l)elow  the  coral-growing  limit  have  not  been  examined  and  the 
subsidence  therefore  is  not  positively  proved.     There  are  many 
collateral  arguments  in  favor  of  the  Pacific  coral-island  subsi- 
dence reviewed  in  my  paper  which  still  remain  strong ;  but 
they  may  be  held  in  abeyance  until  the  borings  have  been  sat- 
isfactorily mada      These  and  other  points  are  discussed  at 
length  in  the  paper  to  which  I  have  above  referred, 

I  took  no  part  in  the  controversy  with  reference  to  the  state- 
ments of  the  dogmatic  Duke  oi  Argyll,  knowing  that  the 
subject  was  in  good  hands.  But  I  may  here  say  that  the 
charge  which  he  made  that  no  one  had  dared  to  bring  for- 
ward and  discuss  the  facts  and  views  published  by  Mr.  Murray 
and  others  against  Darwin's  theory  was  the  more  inexcusable 
that  my  paper  had  appeared  as  recently  as  in  1885  in  the  Lon- 
don Philosophical  Magazine.  The  charge  was  based  on  ignor- 
ance of  the  facts  on  all  sides,  and  on  incapacity  to  appreciate 
the  spirit  actuating  men  of  true  science. 

One  other  paper— on  the  question  whether  volcanic  action  is 
fl  cause  or  not  of  trough/^making  over  the  OcearHs  bottom^  with 
fl  tmew  of  the  ocearCs  depths  Ulustrated  hy  a  new  bathymetric 
chart — will  close  this  series  with  the  exception  of  the  promised 
paper  on  the  rocks  of  the  islands  by  E.  S.  Dana. 


Art.  XI. — An  Experiment  bearina  upon  the  Question  of 
the  Direction  and  Velocity  of  the  Electric  Current  /*  by 
Edward  L.  Nichols  and  W  illiam  S.  Franklin. 

[CofQtributions  from  the  Physical  Laboratory  of  Cornell  UDiversity,  No.  III.] 

In  one  of  his  recent  articles  in  the  Annalen  der  Physik  imd 
Chemiej  Foepplf  has  described  an  experiment  in  whicn  the  de- 
flection of  the  galvanometer  needle  under  the  influence  of 
*  stationary  coil  of  wire  carrying  an  electric  current,  was 
compared   with  the  deflection  produced  when   the  coil  was 

S'ven  a  high  velocity  of  rotation ;  the  axis  of  the  coil  being 
e  axis  oi  revolution.     If  the  current  traversing  the  coil  had 
ponetted  direction  and  a  finite  velocity,  a  change  in  the  de- 

^*lhad  before  the  American  Association  for  the  Adyuncement  of  Soience; 
Wibii meeting;  August,  1888. 
iA^Wtagfli  Wiedemann's  Annalen,  Bd.  27,  p.  410. 
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flection  of  the  needle  might  have  been  looked  for  as  the  re- 
sult of  the  revolution  of  the  coil ;  the  deflection  being  greater 
when  the  coil  was  revolving  in  the  direction  in  miich  the 
current  was  flowing  than  when  at  rest,  and  less  when  the 
direction  of  the  current  was  opposed  to  that  of  the  coiL  The 
result  of  the  experiment  was  a  negative  one,  the  deflection  of 
the  needle  being  just  the  same  when  the  coil  was  at  rest  as 
when  it  was  in  rapid  rotation. 

Foeppl's  apparatus  was  inadequate  to  the  end  in  view,  for 
had  tne  current  consisted  in  a  motion  of  translation  of  a  sin- 
gle fluid,  its  velocity  need  not  have  greatly  exceeded  300,000 
centimeters  per  second  to  have  rendered  the  diflFerence  between 
the  deflections  due  to  the  stationary  and  to  the  rotating  ooil 
indistinguishable.  The  method  is,  nowever,  capable  of  very 
much  greater  refinement  than  that  attained  in  his  experiment, 
and  while  modem  views  of  the  nature  of  the  electric  current 
are  such  as  to  lead  us  to  look  for  a  negative  result,  whatever  the 
delicacy  of  the  apparatus,  the  present  condition  of  electrical 
theory  is  not  such  as  to  render  a  repetition  of  the  experiment 
under  improved  conditions  devoid  oi  interest. 

The  present  writers,  by  whom  the  details  of  a  similar  method 
had  been  developed  before  they  became  acquainted  with 
Foeppl's  work,  have  repeated  his  experiment  with  an  appan- 
tus  capable  of  indicating  the  direction  and  velocity  or  the 
current,  supposing  it  to  have  direction,  even  though  that  ve- 
locity were  very  large  indeed. 

A  flat  bobbin  of  nard  rubber  was  carefully  turned  upon  a 
lathe.     It  was  8'25*^  in  diameter  and  1-6*=°'  in  thickness.    The 
periphery  was  provided  with  a  groove  of  rectangular  crose-seo- 
tion.      This  groove  was  wound'  differentially  with  sixty-four 
turns  of  insulated  copper  wire.      The  winding  was  very  com- 
pact and  the  wire  was  held  in  place  within  the  groove  by  means 
of  a  brass  tire  or  collar.     Brass  discs  of  slightly  smaller  diame- 
ter than  the  bobbin  were  screwed  to  the  faces  of  the  latter  and 
well  centered  steel  axles  were  inserted  in  these  discs.    Tw'O 
brass  supports,  fastened  to  a  hard  rubber  block  which  served  as 
a  base  for  the  apparatus,  carried  bearings  of  Babbitt  metal  in 
which  the  steel  axles  of  the  bobbin  rested.     Each  of  the  sop- 
ports  likewise  bore  two  brushes  of  spring  brass  which  could  be 
so  adjusted  as  to  make  contact  with  brass  collars  upon  the  ad® 
of  the  coiL     When  the  supports  were  connected  with  the  ter- 
minals of  a  storage  battery  or  other  source  of  current,  the  cir- 
cuit was  completed  through  the  coil ;  the  current  passing  fip^ 
one  support  to  the  axle  upon  that  side  by  means  oi  the  beariDj 
.and  brushes,  thence  to  the  brass  disc  upon  the  same  side  of  ^ 
bobbin.     From  this  disc,  with  which  one  terminal  of  the  oofl  f  ii 
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lade  contact,  the  current  traversed  the  windings  and  made 
dt  through  the  opposite  disc,  axle  and  support 
The  coil  th OS  mounted  was  driven  by  a  belt.  It  could  be 
iven  a  very  high  velocity  of  rotation  and  could  be  supplied 
ith  current  equally  well  whether  at  rest  or  in  motion.  In 
)me  preKminary  trials  to  determine  the  rate  at  which  it  could 
e  driven  with  safety  the  source  of  power  was  a  small  hi^h- 
peed  water-motor.  It  was  found  that  four  hundred  revdu- 
ons  per  second  could  be  readily  obtained  and  that  such  a 
elocitycould  be  maintained  without  undue  heating  of  the  bear- 
igs.  Upon  one  occasion  a  speed  of  nearly  six  hundred  revo- 
itions  was  reached,  when  the  brass  retaining  band  parted  with 
loud  report  and  the  bobbin  was  instantly  stripped  of  every 
estige  of  wire.  The  coil  was  then  rewound  and  balanced 
new,  and  the  rate  of  four  hundred  revolutions  per  second,  al- 
3ady  determined  as  lying  well  within  the  limits  of  safety,  was 
ot  exceeded  during  the  remainder  of  the  investigation. 
The  rate  of  revolution  was  readily  and  accurately  determined 
pom  the  pitch  of  the  note  emitted  by  the  revolving  coil,  this 
etermination  being  verified  from  time  to  time  by  two  inde- 
>endent  methods ;  namely  from  the  siren-like  note  uttered  by 
our  screw-holes  situated  90^  apart  upon  one  of  the  brass  discs 
attached  to  the  bobbin,  and  by  estimating  the  velocity  of  the 
Iriving  belt. 

The  needle,  by  means  of  which  variations  in  the  magnetic 
oaoment  of  the  coil  were  to  be  detected,  was  placed  immedi- 
ately above  the  latter  and  as  near  to  the  windings  as  possible. 
It  consisted  of  a  steel  wire,  about  V^  long  and  1  millimeter  in 
diameter,  hardened  and  magnetized.  It  was  suspended  within 
a  cylinder  of  copper  and  was  rigidlv  connected  with  a  precisely 
similar  needle,  oy  means  of  an  aluminium  support,  the  two 
needles  being  parallel,  in  the  same  vertical  plane  and  about  5^ 
apart,  their  poles  in  opposition.  The  aluminium  support  also 
carried  a  plane  mirror  and  was  suspended  in  the  usual  manner 
by  a  silken  fibre.  The  astatic  pair  thus  mounted  was  com- 
pletely neutral  and  it  was  necessary  to  give  it  directive  force 
oy  means  of  a  governing  magnet,  the  position  of  which  was 
¥>  selected  as  to  give  the  system  a  fixed  zero  point  and  at  the 
same  time  a  very  high  degree  of  delicacy.  Deflections  were 
noted  by  use  of  a  telescope  and  scale.  The  figure  of  merit  of 
^e  apparatus  was  determined  by  substituting  a  coil  of  direct 
Endings  and  known  area,  for  the  differentially  wound  coil,  and 
lading  the  deflection  due  to  '00001  amperes  of  current 

Since,  for  the  effect  in  question,  the  figure  of  merit  was  the 
same  as  though  the  revolvmg  coil  also  were  directly  wound,  it 
could  then  be  derived  from  a  comparison  of  the  total  areas  of 
the  two  coils. 
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The  most  eerioos  defect  of  this  apparatus  lay  in  the  imper- 
fect balancing  of  the  difierential  windings.  The  position  of 
the  needle  when  a  corrent  trarerBed  the  coQ  always  differed 
consderablv  from  that  which  it  assnnied  when  the  enrrentwu 
broken,  ancf  with  one  amp^  of  cnrrent  the  deflection  amonnted 
to  seven!  centimeters^  The  difficoltj  was  however  not  of  a 
nature  to  interfere  altc^sether  with  the  progress  of  the  in?e8- 
tigation  and  a  series  of  readings  were  accordingly  made  with 
coil  at  rest  and  in  motion.  The  rate  of  revolution  daring  die 
determinations  was  380  tnms  per  second.  The  direction  of  tk 
corrent  through  the  coil  and  the  direction  of  rotation  of  the 
latter  were  repeatedly  reversed  while  the  position  of  the  needle 
was  under  observation.  The  result  was  an  entirely  nc^tive 
one,  no  measurable  effect  upon  the  needle  resulting  from  the 
motion  of  the  coiL  The  current  traversing  the  ooil  was  meas- 
ured upon  a  Holer's  ^^  swinging  arm ''  galvanometer.  Duing 
a  portion  of  the  time  it  exceeded  one  ampere.  A  determiiur 
tion  of  the  figure  of  merit  of  the  apparatus  made  immediatetj 
after  the  conclusion  of  the  series  of  observations  gave  is  a 
result : 

I*"*  deflection=0-0000164  amperes. 

When  one  ampere  of  current  traversed  the  coil,  therefore,  a 
change  in  the  apparent  magnetic  moment  of  the  latter  (doe  to 
rotation),  in  the  ratio  1 :  1±  •0000164  would  have  shown  itself 
in  a  change  of  deflection  amounting  to  V^.  Such  a  variation 
could  not  have  escaped  notice. 

The  mean  circumference  of  the  windings  of  the  coil  was 
23-939^,  so  that  at  380  revolutions  per  second  tlie  wire  had 
an  average  velocity,  in  the  direction  of  its  own  length,  of 
9096-82«». 

If  we  suppose  the  current  to  consist  in  the  movement  of 
electricity  along  the  wire  in  a  given  direction,  the  velocity, 
relative  to  the  conductor,  being  the  same  whether  the  coil  is  at 
rest  or  in  motion,  and  the  deflection  of  the  needle  to  be  due  to 
the  translatory  movement  of  electricity  with  reference  to  the 
needle  and  proportional  to  that  movement,  it  is  easy  to  calcu- 
late the  change  in  deflection,  for  any  assumed  current-velodtyj 
which  will  be  produced  by  a  given  rate  of  rotation  of  the  coiL 

Let  V.  be  the  linear  velocity  of  the  conductor, 
V,  the  velocity  of  the  current, 
C,  the  current  traversing  the  conductor, 
C,  the  current  necessary  to  produce  a  riven  deflection  wh^ 
traversing  a  directly  wound  coil  of  the  same  total  areai 

V  r 

Then  V,=    -   • 


C. 


Velocity  of  the  Electrio  Current.  107 

In  the  case  in  question,  a  current-velocity  of  554,680,000*^ 
r  second  would  nave  been  indicated  by  1°™  change  of  deflec- 
>n  when  the  coil  reached  380  revolutions  per  second  In 
ese  preliminary  measurements,  the  highest  degree  of  sensi- 
lity  attainable  by  the  method  in  question  had  been  approached 
dy  in  so  far  as  the  velocity  of  the  revolving  coil  was  con- 
trned.  It  was  evident  that  the  number  of  ampftretums  in 
le  revolving  coil  could  be  greatly  increased  without  corres- 
>nding  loss  of  speed,  and  that  the  question  of  further  increas- 
ig  the  sensitiveness  of  the  astatic  pair,  depended  only  upon 
ar  power  to  eliminate  the  disturbance  due  to  the  lack  of  com- 
lete  balance  in  the  differential  windings  of  the  coil. 

To  meet  these  ends  a  new  coil  was  made  for  us  by  Mr.  F.  C. 
'owler,  the  mechanician  of  the  department  of  jPhysics,  to 
^hoBe  skillful  workmanship  the  excellent  performance  of  the 
ails  already  described  was  due.  This  new  coil  was  of  the 
line  diameter  as  the  original  one,  and  it  was  constructed  in 
be  same  general  manner.  It  was  wound  upon  a  box-wood 
pool,  however,  which  was  thick  enough,  axiaily,  to  admit  of 
90  turns  of  wire  without  changing  the  mean  area  of  the  wind- 
ngs.  To  avoid  the  very  great  dimculty  of  constructing  a  dif- 
erentially  wound  coil  so  perfect  that  when  carrying  large  cur- 
ents,  its  effect  upon  the  aelicate  astatic  needle  should  be  neg- 
igible,  we  resolved  upon  a  modification  in  our  method  whidi 
hoold  make  the  complete  electrical  balancing  of  the  coil  un- 
iecessary.  For  the  current  from  the  storage  battery  used  in 
•ur  preliminary  observations  we  substituted  that  generated 
y  a  small  alternating-current  dynamo  giving  40,000  reversals 

minute.  The  advantages  of  this  change  were  very  great,  for 
here  was  no  appreciable  effect  upon  the  needle,  even  when  a 
ttuch  heavier  current  than  we  had  attempted  to  use  in  our  first 
xperiment  was  traversing  the  coil.  Under  these  conditions 
he  sensitiveness  of  the  astatic  pair  could  be  increased  to  the 
^hest  degree  compatible  with  the  maintenance  of  a  perma- 
nent zero  point,  and  the  current  traversing  the  coil  was  limited 
nly  by  the  heating  of  the  wires. 

The  current  from  the  alternating-current  machine  was  meas- 
^  by  its  heating  effect  upon  a  phosphor-bronze  wire  about 
fty  centimeters  long,  stretched  vertically  within  a  cylinder 
•in-ounded  by  a  water-jacket.  The  elongation  of  the  wire  was 
lade  to  move  a  small  mirror  by  means  of  a  simple  device 
^hich  need  not  be  described  here,  and  the  angular  movement 
f  the  mirror  was  read  with  a  telescope  and  scale.  This  wire 
3d  been  previously  subjected  to  extended  investigation  and  its 
^liability  as  an  indicator  of  current  was  well  established.*     It 

*See  the  Thesis  of  P.  P.  Barton  and  F.  R.  Jones:  "The  Measurement  of  Al- 
''^^ting  Currents."    MS.  in  the  Library  of  Cornell  University. 
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luid  been  found  that  its  indications  when  heated  bjr  an  alterna- 
ting corrent  of  the  character  used  in  onr  expeiimentB  agi^ 
very  closely  indeed  with  those  obtained  by  calibration  with  con- 
tinnons  currents  of  known  intensity.  Snch  a  calibration  was 
made  in  the  present  case,  covering  deflections  from  zero  to  300 
scale-divisions,  which  last-named  reading  corresponded  to  o'OO 
aniperea 

The  new  coil  of  390  turns  was  now  driven  at  380  revolntiong 
per  second,  the  circuit  being  opened  and  closed  and  the  enr- 
rent  direction  through  the  coil  being  repeatedly  reversed,  as  in 
the  former  experiments.      The  amount  of  current  traversing 
the  coil  was  mcreased  from  time  to  time  until  the  stretched 
wire  indicated  4*26  amperes  of  alternating  current,  which  was 
the  largest  quantity  which  it  was  deemed  safe  to  permit  the 
coils  to  carry,  even  for  the  few  seconds  necessary  to  the  com- 
pletion of  an  observation.     The  direction  in  whidi  the  coil  re- 
volved was  likewise  reversed  from  time  to  tima      No  change 
in  the  position  of  the  needle  due  to  the  motion  of  the  coil,  nor 
to  a  reversal  (rf  the  direction  of  the  coil,  nor  to  a  reversal  of 
the  direction  of  the  current  within  the  coil  could  be  detected, 
although  the  sensitiveness  of  the  needle  had  been  increased, 
about  eight  times,  the  current  more  than  four  times  and  die 
number  of  turns  in  the  ratio  of  390  to  64. 

A  re-determination  of  the  figure  of  merit  of  the  apparatos 
showed  that  I"*"*  deflection  now  corresponded  to  '00000043  am- 
peres. An  effect  of  much  less  than  1°™  due  to  the  revolution 
of  the  coil,  would  have  been  clearly  observable  under  the  con- 
ditions of  the  experiment  The  absence  of  such  an  effect 
seemed  to  warrant  us  in  the  conclusion,  that  if  direction  be  a^ 
cribed  to  the  electric  current,  its  velocity  must  be  such  that  the' 
quantity  of  electricity  conveyed  past  a  given  point  in  a  unit 
of  time,  when  the  direction  of  tne  current  was  that  in  which 
the  coil  was  travelling,  did  not  differ  from  that  transferred 
when  the  current  and  coil  were  moving  in  opposite  directions 
by  as  much  as  one  part  in  ten  millions-even  when  the  Uneir 
velocity  of  the  wire,  as  in  our  experiment  was  9096  8  centi- 
meters. 

Now  the  velocity  at  which  such  a  current  must  needs  have 
traveled,  in  order  that  the  revolution  of  the  coil  should  in- 
crease or  diminish  the  quantity  of  electricity  passing  the  needle 
by  an  amount  corresponding  to  a  deflection  of  1"™,  or  in  the 
case  of  the  reversal  of  the  direction  of  the  current  within  the 
moving  coil,  corresponding  to  2™°*,  is  found  as  before  by  multi* 
plying  the  current  in  the  coil  by  the  linear  velocity  of  the 
latter  and  dividing  the  product  by  the  figure  of  merit  of  the 
apparatus. 
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9096-8X4-26 


•00000048 


=  90'1218X10'  centimeters. 


It  is  quite  within  safe  limits  to  say  therefore  that  we  should 
ave  been  able  to  detect  a  change  of  deflection  due  to  the  mo- 
ion  of  the  coil,  even  though  the  velocity  of  the  current  had 
een  considerably  in  excess  of  one  thousand  million  meters  per 
econd. 

Phjsical  Laboratory  of  Cornell  UniyerBitj,  August  1,  1888. 


Art.  XIL — On  the  occurrence  of  Monazite  ds  an  accessory 
Element  m  Rocks  ;  by  Obville  A.  Debby. 

Some  five  or  six  years  ago  Mr.  John  Gordon,  an  American 
mining  engineer  now  engaged  in  commerce  in  Kio  de  Janeiro, 
l)rouffht  to  my  attention  a  peculiar  heavy  yellow  sand  which 
lad  been  sent  to  him  from  the  province  of  Bahia  under 
the  supposition  that  it  was  tin  sand  This  on  examination 
proved  to  be  monazite  with  the  composition,  according  to  an 
analysis  by  Prof.  Henri  Gorceix  of  the  Ouro  Preto  Mining 
School  (Comptes  Rendusj  1885):  Phosphoric  acid  28*7  per 
cent,  oxide  of  cerium  81*3  per  cent,  oxides  of  didymium 
and  lanthanum  (?)  39  9  =  99*9.  Inquiries  instituted  by  Mr. 
Qordon  and  myself  in  regard  to  the  locality  and  mode  of 
occurrence  of  this  sand  revealed  the  fact  that  it  occurs  in  con- 
siderable patches  on  the  sea  beach  near  the  little  town  of 
Alcobaja  m  the  southern  part  of  the  province  of  Bahia,  where 
it  seems  to  have  been  accumulated  by  natural  concentration 
through  wave  action. 

Attention  having  been  thus  drawn  to  this  mineral,  Prof. 
Gorceix  has  since  detected  yellow  grains  in  the  diamond  sands 
of  several  localities  of  the  provinces  of  Minas  Geraes  and 
Bahia  which  from  giving  the  didymium  lines  in  the  hand 
spectroscope  have  been  referred  to  monazite,  and  I  have  my- 
self identified  it  by  the  same  process  in  gold  sands  from  sev- 
eral points  in  the  provinces  of  Minas,  Rio  de  Janeiro  and  Sao 
I^anlo.  The  wide  distribution  of  the  mineral  in  the  sea  and 
*^ver-8ands  of  Brazil  was  thus  established,  but  under  circum- 
^ces  that  gave  no  clue  to  its  origin. 

Recently  fir  Gordon  informed  me  that  in  examining  with 
^  lens  the  sands  of  the  beaches  about  Rio  de  Janeiro  he  found 
Jways  yellow  grains  similar  in  appearance  to  the  Bahia  mona- 
Jte  and  that  on  concentrating  the  sands  in  a  copper  miner's  pan, 
le  obtained  a  small  quantity  of  white  and  yellow  sand  that 
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Ixxsj^  V/  "ijt  *^jfS/jCL  'A  "Ast  zaa,  t«£=3ii  ^23t  'HaA  iron  minaik 
U!i«>r  ta*  2st5i5r,«eTOt  ii«^  -yrr^^gxTiff  ^bsw  the  dur^^ 
yisras^  t'jrrL  ^A  lirvjc.  infjt  tie  T»iSv»-  .:«ie^  aade  from  ther 
pcT^Kkl  TiiieeL\iaa^K:  »  ize  TifciTi  zifaeriil.  gfre  like  that,  the 
<£cj2:fx=i  bosui  ^  ^ut  }aad  §passros»ypt  mmA  die  microcbemi- 


A«  jTKfW  »  ^Le  oqIt  roi^  dac  »tf  aZabsndiiit  about  Bio  de 
J«i«sro.  is  wk§  i»tsn&  u>  fvppooe  duK  the  miiienl  so  widdj 
dsicnryatftd  il,  ii^  iouk  nuf&x  bare  eoote  from  tliit  rock 
Arx>tft  tbe  iome  tzzne  Piioee  Pedro  Acgsito  de  Saxe  Cobw 
G^xLift  dsKTj^eKd  ia  an  apatztt^«fluriiip  sneak  of  the  gneis  ol 
a^  iitiiA  de  Ti jnea  a  minute  jeOow  orscil  with  the  phjaeil 
Mf^tfX  fA  Tbfmaaixe^  lot  too  anal!  for  chemieal  testa.    Thu 
sil9Pefted  the  idea  that.  notwithstaDdinp  the  smaD  piopcNrtioo 
fA  the  minenl  and  the  microec<HHC  axe  of  the  gnins,  it  was 
nfA  ahogecber  bopeksa  to  look  tor  it  in  the  rock  itself  wbSk 
Mr.  GoraoD'i  method  of  eoncentnticm  br  pwwiwg  was  mt* 
nnSij  ini^rested  a^  the  simplest  and  readiest  mode  of  in- 
▼efetigatinir  the  qpeetion.     Undo-  Mr.  G<Hdon*s  instnictioDi 
ftooTi  acquired  somcient  facilirr  in  the  me  of  the  pan  to  make 
a  Mttisfactorj  ormeentration  and  with  his  aid  some  aoores  of 
tetsU  hare  been  made  of  the  rocks  in  the  vicinity  of  Eio  and 
fn>m  about  a  dozen  points  in  the  provinces  of  Sio  de  Janeiro^ 
3f  inas  Genes  and  Sio  Paulo.     Where  deoompoeed  rock  was 
oY/tainable  the  tests  were  made  on  this  by  washing  a  quantity 
e^jual  to  a  heaped  double  handful*  care  being  taken  to  obtain 
material   decomposed   in   «iiii   and  carefully  freed  from  any 
extraneous  waso.     Where  decomposed   material   was  not  at 
band  pieces  of  sound  rock  were  ground  in  a  mortar,  a  fragment 
the  size  of  the  fist  or  even  smaller  proving  sufSdent  for  a 
satisfactory  test. 

All  the  tests  made  on  gneiss,  granite  and  syenite  ha^e 
given^  in  addition  to  zircon,  a  greater  or  less  quantity  of  nu* 
croBCopic  crystals  of  a  heavy  yellow  mineral  apparently  identi- 
cal witb  the  Bahia  monazite  As  no  crystallographic  stndj 
could  l>e  made,  the  identification  has  been  based  on  the  general 
appearance  of  the  grains,  their  high  specific  gravity,  and  mi- 
crocihernical  tests  for  phosphoric  acid  and  cerium.  In  some  few 
cases  the  yellow  grains  are  lighter  in  color  and  duUer  in  luster 
than  the  mhia  mineral,  but  as  they  give  the  phosphoric  acid 
and  cerium  reactions  they  are  presumed  to  represent  a  varirtj 
of  monazite,  or  perhaps  some  other  cerium-bearing  pbofi^ 
phate.  Their  high  specific  gravity  is  proved  by  their  behavior 
m  the  pan  where  they  remain  with  the  zircon,  behind  the  other 
minerals,  so  that,  after  extracting  the  magnetite  with  a  magnet, 
it  is  possible  by  careful  manipulation  to  obtain  these  two  min* 
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^  nearly  free  from  titaniferom  iron  and  garnet  when  these 
present  The  separation  of  the  zircon  is  presumably 
red  by  the  minnte  size  of  the  ^ins  and  by  their  pris- 
ic  form  as  it  remains  behind  minerals  as  heavy  or  even 
der  than  itseK  when,  as  is  generally  the  case,  these  are  in 
er  grains.  The  yellow  mineral,  however,  is  frequently  in 
irge  grains  as  the  titaniferous  iron  and  of  a  similar  rounded 
1  and  appears  to  hang  back  in  virtue  of  its  greater  specific 
dty.  A  few  tests  were  made  with  fused  chloride  of  lead 
gr.  5),  which  on  cooling  showed  the  yellow  grains  at  the 
om  of  the  ingot  while  the  zircon  and  titaniferous  iron 
e  near  the  top.  A  number  of  the  samples  were  tested 
1  the  hand  spectroscope  giving  the  didymium  band,  but 
Qg  to  the  difficulty  of  bringing  together  a  sufficient  num- 
of  such  minute  grains  to  give  a  perfectly  satisfactory  test, 
means  of  identincation  was  abandoned  in  favor  of  micro- 
mical  processes.  All  of  the  samples  have  been  tested  by 
ktment  with  sulphuric  acid  and  molybdate  of  ammonia, 
some  cases  crystals  appeared  in  the  sulphuric  and  oxalic 
1  solutions,  along  with  those  referred  to  cerium,  which 
bably  represent  some  other  elementa  It  is  possible  that 
lore  complete  chemical  and  crystallogical  study  of  the  yel- 
'  grains  of  these  residues  may  prove  some  of  them  to  be- 
g  to  minerals  other  than  monazite,  but  in  the  impossibility 
making  such  investigations  here,  they  are  all  referred  pro- 
onally  to  that  species.  Samples  of  rock  and  residue  from 
granite  of  the  Serra  do  Tijnca  in  the  outskirts  of  Eio  de 
leiro,  in  which  the  yellow  grains  are  particularly  abundant, 
e  b^n  placed  in  the  hands  of  Prof.  George  H.  Williams  of 
timore,  in  the  hope  that  he  may  find  them  of  sufficient  in- 
»t  to  make  such  studies  as,  from  the  lack  of  appliances  and 
necessary  training,  are  out  of  the  question  here. 
\q  gneisses  examined  were  obtained  from  a  score  or  more 
Qts  m  and  about  the  city  of  Rio,  including  porphyritic, 
Qulitic  and  schistose  varieties ;  from  Kilometer  78  (ascent 
ie  Serra  do  Mar),  on  the  Dom  Pedro  II.  railroad,  and  the 
ion  of  Barra  do  Piraley  on  the  same  line ;  the  station  of 
lego  on  the  Uniao  Mineira  railroad  in  the  province  of  Minas 
raes ;  and  the  towns  of  Cutia,  Piedade,  Santos  and  Iguape 
the  province  of  Sao  Paulo  representing  an  extension 
about  300  miles  along  the  axis  of  tiae  great  gneiss 
jon  of  the  maritime  group  of  mountains  of  Brazil.  In 
jry  case  zircon  and  the  yellow  mineral  were  found  there, 
>ving  to  be  the  most  constant  accessories  since  ;  of  the  ordi- 
7  accessory  elements,  garnet,  rutile  and  the  iron  minerals, 

Snetite  and  ilmenite — the  first  two  were  frequently  absent, 
e  rarely  only  one  of  the  iron  minerals  seemed  to  be  pres- 
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ent.  Entile  appears  to  be  a  comparatively  rare  element  in 
these  gneisses  since  the  transparent  red  titaniferons  grains  re- 
ferred to  it  were  f  onnd  only  m  two  or  three  places  in  peculiar 
highly  micaceons  schistose  layers,  unusually  rich  in  iron  min- 
erals. If,  as  is  possible,  these  grains  belong  to  some  other 
mineral,  then  rutile  is  entirely  lacking  in  the  rocks  examined. 
The  gneiss  from  Socego  and  Cntia  contains  an  abundance  of 
sillimanite.  All  the  gneisses  examined  belong  to  the  class  of 
biotite  gneiss,  except  that  from  Santos  which  contains  both 
muscovite  and  biotite  and  in  this  the  yellow  grains  are  rare  in 
comparison  with  the  zircon.  No  opportunity  for  examining 
a  purely  muscovite  gneiss  has  yet  been  afforded.  The  relative 
proportions  of  zircon  and  the  yellow  mineral  vary  consider*- 
bly  in  these  tests,  sometimes  the  one  sometimes  the  other  pre- 
dominating. In  the  rock  from  Socego  and  from  Kil.  78  D. 
Pedro  II.  railroad,  the  yellow  mineral  is  particularly  abundant 
A  small  number  of  granites  have  been  examined  with  a 
similar  result,  that  is  to  say,  all  of  them  give  zircon  with  a 
heavy  phosphate  which  in  most  cases  appears  to  be  identical 
with  the  Bahia  monazite.  The  greater  number  of  tests  have 
been  made  on  fine  grained  biotite  granites  which  give  residues 
identical  in  appearance  with  those  from  the  gneiss.  The  two 
specimens  of  muscovite  granite  examined  from  the  station  of 
Caieiras  on  the  Sao  Paulo  railroad  and  from  Sorocaba  in  the 
province  of  Sao  Paulo  gave  a  small  quantity  of  lusterleflB 
whitish  grains,  quite  different  in  appearance  from  those  which 
we  had  become  accustomed  to  refer  to  monazite,  but  on  sub- 
jecting them  to  microchemical  tests  these  also  proved  to  be 
cerium-bearing  phosphates.  Yellow  grains  of  the  ordinary 
aspect  are  quite  abundant  in  the  small  dykes  of  biotite 
granite  in  the  gneiss  about  Kio  and  also  in  the  larger  masses 
of  the  Serra  de  Ti  juca  near  Kio  and  at  Pridade  in  the  provinoe 
of  Sao  Paulo,  where  Mr.  Henry  Bauer  has  kindly  made  a  test ' 
for  me.  It  is  also  abundant  in  uncommonly  brilliant  and  per 
feet  crystals  in  a  small  dyke  in  the  gneiss  of  the  Serra  de  lin- 
gua, a  peak  of  the  Serra  do  Mar  range  near  Rio.  They  are 
rare,  in  comparison  with  the  zircon,  in  the  large  dykes  near 
Campo  Grande  on  the  Santa  Cruz  branch  of  the  Dom  JPedroIl 
railroad,  and  near  Bassa  do  Pirahy  on  the  main  line  of  the 
same  roads,  and  in  a  small  dyke  at  a  place  called  Boa  Yista  o& 
the  Ribeira  river  in  the  Iguape  region.  It  is  interesting  to 
note  that  the  first  two  of  these  rocks  carry  cerium  as  a  sihcito 
in  the  form  of  orthite.  The  Tijuca  granite  is  one  of  the  net 
est  rocks  yet  examined  in  the  yellow  mineral  and  a  rough 
quantitative  test  was  made  on  it  as  follows :  A  quantity  of 
tne  rock  disintegrated  but  not  completely  decomposed  wtt 
dried  in  the  sun  and  ground  in  a  mortar  to  pass  through  a  sieve 
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)Qtaining  45  holes  to  the  linear  inch.  As  the  decayed  feld- 
>ar  and  mica,  which  may  be  presumed  to  carry  the  rarer  and 
ret  formed  minerals  of  this  rock,  went  much  finer  than  this,  it 
as  assumed  that  all  of  these  were  set  free.  From  1906 
rams  of  the  ground  rock  0*557  fframs  or  0*029  per  cent  of 
isidne  consisting  mainly  of  the  yellow  grains  were  obtained. 
.8  the  small  quantity  oi  zircon  and  ilmenite  in  this  residue  is, 
robably,  but  little  ix  any  in  excess  of  the  loss  in  washing,  the 
roportion  of  the  yellow  mineral  can  be  safely  put  down  as 
rem  0  02-0*03  per  cent  of  the  entire  mass  of  this  rock. 

A  red  syenite  from  the  Serra  do  Stauba  in  the  province  of 
labia  gave  the  yellow  mineral  in  comparatively  large  grains, 
»ut  these  were  few  in  number  in  comparison  with  the  zircon. 
^  mass  of  clay  from  the  station  of  San  Joas  on  the  Sorocaba 
^ailroad  in  the  province  of  Sao  Paulo  which  is  presumed  to  rep- 
resent the  syenitic  rock  of  the  vicinity,  but  which  may  be  from 
^eiss,  gave,  with  abundant  zircons,  a  mineral  giving  the  same 
reactions  as  those  from  the  other  rocks  but  lighter  in  color  and 
duller  in  aspect  than  is  usual. 

The  basic  eruptives  thus  far  examined,  representing  diabase, 
quartz-diorite  mica-diorite  and  minette  have  afEorded  no  trace 
of  the  yellow  mineral. 

It  should  be  mentioned  that  in  all  these  tests  care  has  been 
taken  to  select  samples  representing  the  principal  mass  of  the 
rock  free  from  veins  and  mineral  aggregates.  In  the  course  of 
these  investigations  grains  which  appear  to  represent  several 
other  rare  mmerals  have  been  met  with,  but  these  have  not 
yet  been  fully  examined. 

Since  the  above  was  written,  a  test  has  been  made  on  a  rock 
richer  in  monazite  than  anv  hitherto  examined.  This  is  a 
fine  grained  granitite  exposed  in  a  large  dyke  in  the  road  from 
Engeuho  Noro  to  Jacarepagua  in  the  outskirts  of  Rio  de 
Janeiro.  After  thorough  drying  in  the  sun  3002  grams  of 
the  clay  resulting  from  the  decomposition  of  the  rock  was 
hashed  and  the  residue  cleaned  by  tne  use  of  a  heavy  solution 
[sp.  gr.  3*5),  and  of  the  electro-magnet  The  residue  weigh- 
hig  2*24  grams,  or  0*0746  per  cent  of  the  entire  mass,  consists 
principally  of  monazite  in  exceedingly  fine  grains  with  a 
small  amount  of  zircon  and  a  much  smaller  amount  of  other 
hnpnrities  that  could  not  be  completely  separated  without  loss 
of  material.  The  mixed  monazite  and  zircon  can  safely  be 
put  down  as  0*07  per  cent  of  the  rock. 

In  a  recent  excursion  to  the  Argentine  Republic  Mr.  Gor- 
don obtained  residues  of  zircon  and  monazite  from  thp  river- 
ftiids  at  Buenos  Ayres  and  from  gneiss  and  granite  decom- 
posed in  situ  at  Cordoba. 

^  Jour.  Scl— Thibd  Series,  Vol.  XXXYII,  No.  218.— Feb.,  1889. 
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Art.  XIII. — On  the  use  of  Steam  in  Spectrum,  Analysis;  by 
John  Trowbridge  and  W.  C.  Sabine. 

Among  the  diflSculties  with  which  the  investigator  in  spec- 
tram  analysis  must  contend  is  that  of  obtaining  a  source  of 
light  which  is  free  from  corstituents  other  than  those  which  are 
nnder  examination ;  and  at  the  same  time  sufficiently  powerful 
to  enable  him  to  photograph  the  spectra  of  the  latter.  The 
voltaic  arc  gives  a  sufficiently  strong  light  to  enable  one  to  pho- 
tograph throughout  the  visible  spectrum ;  the  electric  car- 
bons, however,  are  full  of  impurities,  and  it  is  difficult  to  in« 
terpret  the  spectra  obtained  by  these  means.  Moreover,  it  is  not 
easy  to  employ  the  arc  spectrum  for  researches  in  the  ultra 
violet  portion  of  the  spectrum.  On  the  other  hand  the  spark 
from  a  RuhmkorfiE  coil  taken  between  terminals  of  metals,  the 
spectrum  of  which  we  wish  to  examine,  gives  us  in  general 
spectra  comparativelv  free  from  impurities,  but  its  light  is  very 
feeble  compared  with  that  of  the  electric  arc,  and  even  when 
the  spark  is  obtained  by  means  of  a  powerful  coil  which  is  ex- 
cited by  an  alternating  dynamo  machine  an  hour  is  necessary 
to  obtain  with  a  concave  grating  of  21  feet  radius  of  curvature, 
on  the  most  sensitive  dry  plate  a  photograph  of  the  ultra  violet 
spectra  of  copper  at  the  wave  length  2100. 

It  becomes  an  important  question  then  to  ascertain  whether 
the  time  of  exposure  of  the  sensitive  plate  can  be  shortened 
by  any  process ;  for  the  outlay  in  obtaining  one  photograph  in 
the  ultra  violet  by  the  means  hitherto  at  our  command  is  very 
large,  involving  as  we  have  said  the  running  of  an  engine  of 
at  least  two  horse  power  for  an  hour.  In  our  expenmentB 
with  a  jet  of  steam  we  find  that  the  time  of  exposure  of  the 
sensitive  plate  can  be  shortened  to  at  least  one-third. 

We  were  led  to  employ  steam  for  the  purpose  of  obtaining 
the  spectra  of  oxygen  and  hydrogen  with  a  more  powerfm 
electrical  excitation  than  is  possible  in  Geissler  tubes.  During 
the  winter  of  1886,  when  engaged  upon  the  subject  of  oxyf^en 
in  the  sun,  one  of  us  in  connection  with  Mr.  0.  0.  HutchiM 
tried  to  obtain  a  powerful  electric  spark  in  an  atmosphere  of 
steam,  but  the  experiments  were  unsatisfactory.  The  difficnl* 
ties  were  chiefly  in  the  way  of  proper  insulation.  Experi- 
ments showed  that  no  containing  vessel  could  be  employed  for 
the  sides  of  the  vessel  conducting  the  electricty  from  one  Uit- 
minal  of  the  Euhmkorff  coil  to  the  other.  No  spark  could  te 
obtained,  and  the  experiments  were  abandoned.  During  thft 
present  winter  the  experiments  were  renewed  The  oontain^ 
ing  vessel  was  abandoned  and  the  jet  of  steam  was  aUowed  to 
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npinge  directly  upon  the  spark.  No  effect  could  be  perceived 
rhen  there  were  no  condensers  in  the  secondary  circuity  and 
rith  the  introduction  of  small  condensers  the  effect  was  not 
larked ;  but  when  the  number  of  Leyden  jar  condensers  was 
acreased  to  four  the  effect  of  the  jet  of  steam  upon  the  elec- 
ric  spark  was  surprising.  Its  light  immediately  became  com- 
larable  with  that  of  the  electric  arc,  enabling  us  to  see  the 
Qetallic  spectra  with  the  naked  eye  upon  the  ground  glass  of 
he  photographic  camera  without  the  use  of  an  eye  piece.  The 
hainber  in  which  the  spark  and  steam  jet  were  placed  became 
osy  red  from  the  hydrogen  arising  from  the  dissociation  of 
he  steam.  The  hydrogen  and  oxygen  lines  in  the  air  spectra 
)ecame  very  much  strengthened,  a  continuous  spectruna  showed 
tfielf  in  the  neighborhood  of  the  C  line  and  also  in  the  yellow, 
ind  a  photograph  of  the  air  line  and  metallic  line  of  the  ter- 
ninals  employed  could  be  taken  in  a  third  of  the  time  which 
W2&  necessary  when  the  steam  jet  was  not  employed. 

The  apparatus  consists  merely  of  a  tin  box  which  is  placed 
)ppo8ite  the  slit  of  the  spectroscope.  Steam  enters  at  one  side 
Mid  is  blown  across  the  terminals  of  the  Ruhmkorff  coil  which 
ire  placed  in  the  box  opposite  the  slit,  an  outlet  on  the  side  op- 
posite from  the  place  of  entrance  of  the  steam  allows  the  waste 
Jteam  to  escape-  into  the  outer  air. 

The  change  of  color  of  the  spark  is  undoubtedly  due  to  hy- 
irogen.  The  light  filling  the  box  above  referred  to  is  decidedly 
red,  and  the  hyarogen  line  C  flashes  out  with  great  brilliancy 
in  the  midst  of  a  continuous  band  of  red  in  the  spectrum. 
The  metallic  line  from  the  terminals  are  greatly  strengthened. 
The  light  from  iron  terminals  is  especially  brilliant.  W  ithout 
the  steam  the  spark  between  iron  terminals  seemed  to  consist 
of  a  single  line  of  discharge.  When  the  steam  was  turned  on 
a  great  bundle  of  sparks  appeared  in  the  midst  of  a  flaring 
light  and  the  noise  of  the  spark  was  greatly  increased.  This 
effect  can  undoubtedly  be  traced  to  increased  conduction  of  the 
air  space  between  the  terminals  of  the  Ruhmkorff  coil. 

The  appearance  of  the  spectra  led  us  to'  examine  the  ques- 
tion of  the  spectrum  of  the  Aurora  Borealis  and  its  connection 
^tn  that  of  aqueous  vapor.  "We  believe  that  the  theory  that 
tte  shifting  nature  of  the  northern  lights  may  be  due  to  elec- 
trical discnarges  following  strata  of  air  more  or  less  laden  with 
iqaeons  vapor  has  been  advocated.  The  appearance  of  the 
if&ctrsL  of  the  electric  spark  in  steam  certainly  leads  one  at  first 
to  favor  this  hypothesis.  We  have  spoken  of  the  marked  brill- 
•ncy  of  the  hydrogen  line  and  of  a  continuous  red  band  near 
hm  line.  The  continuous  spectrum  in  the  yellow  is  no  less 
fooiinent.  The  observations  which  have  been  made  on  the 
Otiiieni  lights  do  not  enable  one  to  make  exact  comparisons. 
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The  lines  given  by  different  observers,  however,  do  not  appear 
to  coincide  with  the  prominent  lines  and  bands  observed  in  the 
air  spectrum  heightened  by  steam. 

Other  observers,  among  them  Professors  Liveing  and  Dewar, 
have  employed  steam  to  obtain  steam  lines,  but  we  have  been 
unable  to  find  any  reference  to  the  remarkable  economy  in 
time  and  in  waste  of  apparatus  which  results  in  the  use  of  a 
jet  of  steam  in  spectrum  analysis,  when  the  spark  method  of 
obtaining  the  spectra  of  metals  is  employed. 

JeffersoD  Physical  Laboratory. 


Art.  XIV.— J.  Ifew  Personal  Equation  Machine^  for  vu 
with  the  Meridian-Circle;  by  A.  tl.  Winterhalteb,  Lieut, 
U.  S.  Navy. 

Doctor  Walter  F.  Wislioenus,  in  charge  of  the  merid- 
ian-circle at  the  Stnissburg  Observatory,  has  lately  given  an 
account  of  his  investigations,  by  means  of  an  apparatus  devised 
by  himself,  of  his  personal  error  in  recording  transit  observa- 
tions. The  salient  features  of  the  machine  are  its  attachment 
directly  to  the  meridian-circle  and  the  capability  of  using  it  in 
almost  any  position  of  the  telescope.  These  warrant  a  brief 
exposition  of  the  contents  of  Dr.  Wislicenus's  paper.* 

The  idea  of  determining  the  personal  error  in  transit  ob8e^ 
vations  by  means  of  an  apparatus  appears  to  have  been  firrt 
enunciated  by  Professor  Kaiser  in  1851  in  the  5th  volume  of 
the  Tiidsschrift  voor  de  "Wis-  en  Natuurkundige  Wetenschap- 
])en.  i^razmowski,  in  Warsaw,  seems  to  have  been  the  first  to 
publish  (in  Cosmos,  vol.  iv,  p.  445),  in  1854,  a  scheme  for  a  pe^ 
sonal  equation  apparatus. 

The  author,  after  a  more  or  less  detailed  study  of  the  appi' 
ratus  designed,  successively,  by  Mitchel,  Plantamour  and 
Ilirsch,  0.  Wolf,  F.  Kaisel*,  E.  Kayser,  Harkness,  Hilgard  and 
Suess,  Eastman,  R.  Wolf,  Bredichin,  Christie,  has  arrived  st 
the  conclusion  that  in  all  previous  instruments  the  disadvantage 
is  presented  of  a  horizontal  position  of  the  telescope  used  and, 
therefore,  of  an  upright  one  of  the  observer,  conditions  not 
found  in  transit  observations.  From  this  and  other  considera- 
tions, the  author  lays  down  the  following  features  to  be  com- 
plied with  by  such  an  apparatus  : 

1.  The  personal  error  should  be  determined  with  the  same 
instrument  with  which  observations  are  made. 

*  UnterBuchungen  fiber  den  absoluten  persdalichen  Fehler  bei  Durchguigl- 
beobaobtuDgen.  Yon  Dr.  Walter  F.  Wislicenus,  Privatdooent  and  Aaaiataiit  at 
der  Stamwarta  su  Straaaburg.  Leipzig,  18S8.  Pp.  60,  9''zl2'' ;  one  plata^  with 
8  flgwaii    (WBhelm  Sngalmann).. 
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i  The  apparatus  should  allow  the  error  to  be  determined 
in  various  positions  of  the  observer. 

These  two  requisites  are  found  in  an  apparatus  arranged  by 
i^fessor  Bakhuyzen,  but  the  second  is  secured  by  a  disposi- 
ion,  which  is  not  convenient  and  which  requires  much  time 
or  adjustment,  i.  e.,  for  reflecting  into  the  tube  of  the  transit- 
irde  telescope  (placed  at  a  determined  elevation),  the  image  of 
he  artificial  star  by  means  of  two  mirrors,  one  of  which  is 
ecured  to  the  object-end  of  the  telescope.  Of  the  good  points 
f  the  Levden  apparatus,  as  described  by  the  author,  I  had  the 
pportumty  of  satisfying  myself  on  a  recent  visit  to  that  obser- 
atory. 

The  task  to  be  accomplished,  according  to  the  author,  was 
he  fulfillment  of  three  conditions,  viz  : 

1.  The  apparatus  must  be  capable  of  application  to  a  transit 
•r  meridian  circle  of  the  larger  class. 

2.  It  should  not  hinder  the  free  movements  of  the  telescope. 

3.  The  artificial  star  should  traverse  the  whole  field  and  so 
mitate  as  faithfully  as  possible  the  motion  of  a  true  star. 

The  design  of  a  machine  of  this  character  was  facilitated  by 
he  fact  that  in  the  instrument  used  an  artificial  star  was 
Iready  present,  namely,  the  small  luminous  image  which  is 
een  in  telescopes  with  a  central  field-illumination,  produced 
>y  the  little  mirror  attached  to  the  inner  surface  of  the  object 
[lass.  This  method  of  illumining  the  field,  now  always  used 
n  the  Repsold  constructions,  is,  therefore,  the  first  essential  to 
he  apparatus. 

The  machine  designed  was  fitted  to  the  Cauchoix  transit  of 
32  millimeters  aperture,  an  old  instrument  left  by  the  French 
•'acuity  and  later  modernized  for  the  Strassburg  Observator}' 
y  the  Repsolds.  The  apparent  motion  of  the  artificial  star 
ver  the  wires  is  secured  by  causing  the  ocular  to  slide 
iterally,  when  the  image  appears  to  move  in  the  direction  of 
lotion  of  the  ocular  and  is  found  in  the  center  of  its  field, 
le  machine's  breaks  are  recorded  as  followed :  On  the  oculai 
Sde,  insulated  by  a  layer  of  caoutchouc,  is  a  brass  plate  secured 
J  two  scews  ninning  into  sockets  of  hard  rubber.  This  bears, 
i  right  angles  to  the  line  of  motion  of  the  ocular,  a  steel 
yiing  having  a  small  brass  terminal,  carrying  a  platinum-point, 
hich  touches  another  brass  plate  secured  to  the  fixed  ocular- 
sad  on  top  of  an  insulating  layer.  With  an  electric  wire  run- 
Dg  to  eacn  of  the  insulated  plates  mentioned,  the  current  is 
Med,  when  the  platinum-point  touches  the  brass  underneath 
In  the  last-named  brass  plate  a  number  of  parallel  lines, 
msponding  as  accurately  as  possible  to  the  position  of  the 
aen^ wires,  have  been  drawn  by  a  dividing  engine  and  filled 

with  an  insulating  substance.    The  platinum-point  in  pass- 
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« 
ing  breaks  the  current  successively  for  each  artificial  tra 

It  can  be  so  set  that  the  machine's  break  and  the  obser 

break  shall   differ  by  a  constant  amount,  allowing  the 

appear  in  succession,  on  the  chronograph  sheet  and  be  reoo 

by  one  pen. 

The  motor  used  was  the  clock-work  of  a  Hipp  chronogi 
On  one  end  of  the  horizontal  axis  of  the  telescope  the 
halves  of  a  wheel  are  clamped.  This  wheel  has  a  double 
of  teeth,  one  row  gearing  into  the  chronograph-train  ua 
the  motive  power,  the  other  into  the  connections  for  mc 
the  ocular.  At  the  latter,  the  arrangement  contemplate 
means  of  the  raising  of  a  cam,  the  alternate  engagement 
pinion  in  upper  and  lower  racks  for  motions  forward  and  1 
ward.  This  change  of  direction  can  be  made  without  th( 
leaving  the  eye-piece.  By  combining  wheels  of  different : 
bers  of  teeth,  a  large  number  of  different  speeds  can  be  { 
to  the  clock-work. 

I  pass  over  a  number  of  interesting  experiments,  sue 
those  with  a  flat  platinum-point  for  slow  motions  and  a  fin( 
for  fast  motions,  experiments  with  various  insulating  subst 
for  filling  the  grooves  representing  the  wires,  and  will  mei 
that  the  application  of  tne  apparatus  to  the  Cauchoix  in 
ment  in  question  restricts  the  motion  of  the  telescope  thr 
116°  of  the  360°  of  a  complete  revolution,  of  which  only  i 
26°  are  above  the  horizon.  This  facility  of  movement  en 
the  observer  to  take  up  any  desired  position  on  or  of 
observing-couch.  Designed  fol*  a  new  instrument,  still 
ample  motion  might  be  secured.  The  motive  power  si 
impart  a  regular  motion  and  should  be  capable  of  regul 
without  the  insertion  of  various  wheels. 

The  author  gives  the  results  of  numerous  observations 
for  the  determmation  of  his  personal  error,  using  the  eqc 

(1)    x=^-, 

where  x  is  the  absolute  personal  error ;  a,  the  difference 
from  the  chronograph  record  between  the  machine's  ar 
observer's  breaks  for  motion  in  one  direction  ;  6,  the  san: 
motion  in  the  opposite  direction.  All  instrumental  ina< 
cies  are  eliminated,  as  may  be  seen  from  the  two  equatioi 
(b),  from  which  (1)  is  derived  : 

(a)  a  =  aj-hcd=c?-|-/*,  for  forward  motion  ; 

(b)  b  =  sc— c=Frf— jf,  for  backward  motion  ; 

where,  in  secondB  of  timQ^ 

c  is  the  error  intR»d!M|UMMKribi|ii^^         diqplaoemeiit 
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iy  the  time  by  which  the  machine's  break  occurs  earlier  or  later 

than  the  transit ; 
^f  the  time  by  which  the  machine's  break  precedes  the  transit  for 

all  threads,  by  reason  of  the  adjustment  of  the  platinum-point ; 
t,  prefixed  according  as  the  machine's  break  occurs  ^^iH,^  than  the 

corresponding  transit  of  the  artificial  star. 

The  time  elapsing  between  a  transit  and  the  corresponding 
automatic  breat  must  be  the  same  for  both  directions  of  the 
notion  of  the  ocular^  which  must  be  assured  by  the  use  of  a 
miformly  acting  clock-work  A  table  is  computed  to  show  the 
mall  influence  of  irregularities  in  the  performance  of  the  driv- 

Dg  clock,  provided  only  the  ratio  —  is  confined  within  narrow 

imits ;  in  this,  t  represents  the  amount  in  seconds  by  which  the 
iutomatic  break  precedes  or  follows  the  actual  transit ;  T,  the 
ime,  in  seconds,  occupied  in  the  forward  motion  of  the  ocular, 
r±rf  being  the  time  for  backward  motion. 
The  observations  made  by  the  author  with  this  apparatus  are 
jxhaustive  and  may  be  divided  into  two  principal  groups  :  the 
irst,  consisting  of  three  divisions,  in  each  of  which  the  rate  of 
notion  of  the  star  remained  unchanged,  while  the  telescope 
iras  made  to  assume  five  typical  positions;  the  second,  in  which 
he  position  of  the  telescope  and  rate  of  motion  were  uniformly 
handed,  so  that  the  artificial  star  should  have  that  speed  of 
•ansit  corresponding  to  the  observation  of  an  actual  star  in 
•ansit  in  that  position  of  the  telescope. 

In  observing,  the  artificial  star  was  allowed  to  run  over  the 
hole  field  and  the  transits  over  21  threads  were  noted,  giving 
.  values  for  the  personal  error,  each  depending  on  two  transits, 
r  forward  and  backward  motions  of  the  ocular.  The  means 
iich  I  have  collated  below  are  formed  from  those  of  several 
168  on  a  number  (usually  five)  of  days.  The  author  uses  in 
i  notation  the  expression, 

Actual  transit  —  observed  =  personal  equation. 

that  the  result  is  the  correction  and  has  the    sign   with 
lich  it  is  to  be  applied  to  an  observation. 
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+  0'»-619 
+  0  -477 
-1-0  -323 
-f-0  -410 
-f  1   -772 

n  this  table,  the  first  column  indicates  the  position  of  the 
oounting  from  the  *  horizon,  -f-  above  it,  —  below  ; 


First 

Group 

* 

1. 

2. 

a 

+  90° 

—  0» 

•190 

-0' 

•013 

+  45 

—0 

•178 

—0 

•020 

0 

—0 

•207 

—0 

•046 

-45 

—0 

•127 

+  0 

•041 

—90 

+  0 

•140 

+  0 

•497 
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the  remaining  columns  give  the  personal  equation  with  rates  of 
motion  of  the  star  corresponding,  respectively,  to  11°  2r'0, 
60°  8'-5  and  80°  19'-0  decimation. 

The  general  deduction  is :  In  the  author's  personal  equation 
a  dependence  is  proved  on  the  position  of  the  telescope,  i.  e« 
on  the  corresponding  position  of  the  body. 


Second 

Qroup. 

• 

1. 

2. 

-15° 

45' 

— 0" 

•116 

+  15 

0 

— 0 

•096 

+  59 

40  U.  C. 

+  0 

•017 

+82 

40  L.  C. 

+  0 

•463 

+  69 

40  L.  C. 

+  0 

•040 

In  this  table,  the  first  column  gives  the  setting  in  declinatioii 
as  read  off  on  the  circle,  with  an  indication  of  upper  and  lower 
culminations,  the  motion  being,  as  stated,  that  of  a  star  of  that 
declination ;  the  second  column,  the  personal  equation. 

The  general  deduction  is  :  the  amount  of  the  personal  equa- 
tion is  algebraically  increased  and  changes  sign  (becoming  pod- 
tive)  for  slow  motions  ;  this  is  also  shown  by  the  first  group. 
Besides,  the  second  group  indicates,  although  not  as  plainly  as 
the  first,  the  dependence  of  the  equation  on  the  position  of  the 
observer. 

The  author  finds  also  that  in  time  his  equation  changes.  For 
a  star  of  equatorial  motion,  it  was  found 

1886.  Dec.  13-22  :  — 0»-l78; 
188*7.  May  23-27  :  —0  -105; 
1888.  March  17  :  +0  -148. 

A  comparison  of  the  two  groups  with  results  obtained  in 
Leyden  in  1886  is  interesting,  but  does  not  safely  show  a  varia- 
tion depending  on  varying,  positions  of  the  telescope. 

Physiological  investigations  were  not  attempted  nor  were 
generalizations  for  others,  but  the  author  draws  two  conclusions 
applicable  to  his  own  case. 

The  absolute  personal  error  is  with  stars  of  a  mean  speed  of 
transit  a  minimum,  increases  with  an  increase  and  decreaeeof 
the  speed  and,  in  the  latter  case,  in  general  more  rapidly  thaa 
in  the  former. 

The  absolute  personal  error  is,  in  general,  dependent  on  the 
position  of  the  telescope  and  the  requisite  position  of  the  body 
of  the  observer,  as  also  on  the  observed  object, — star  or  limb. 

An  ingenious  disposition  of  the  apparatus  permitted  the  au- 
thor to  examine  his  personal  error  in  observing  the  limb  oi 
disks  of  various  diameters.    A  brass  ring  was  olackened  and 
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tened  to  the  cell  of  the  eye-piece  on  the  side  nearest  the  reti- 
e,  leaving,  however,  the  entire  aperture  free.  On  this  ring 
^lass-plate,  O'l  millimeter  thick,  was  secured  with  shellac. 
is  plate  had  a  circular  opening  in  its  center  and  was  attached 
sach  a  position  that  the  edge  of  the  opening  passed  through 
J  center  of  the  ring.  It  is  obvious  that  the  illumination  of 
5  field  was  now;  divided  into  a  bright  and  a  somewhat  darker 
rt  by  an  arc  passing  through  the  center  of  the  field. 
There  is  seen,  then,  a  part  of  a  bright  disk  on  a  half-bright 
)uiid,  transiting  the  wires  by  the  motion  of  the  ocular, 
before.  By  using  plates  of  different-sized  openings,  disks 
re  obtained  corresponding  to  angular  radii  of 

16'  2",  11'  21\  1'  27",  1'  b\  10'. 

The  motion  in  one  direction  gives  the  transit  of  either  the 
eccding  or  the  following  limb  ;  to  get  the  same  limb  for  the 
srersed  motion,  it  would  be  necessary  to  turn  the  ocular 
rough  180°.  Owing  to  a  limited  time,  the  observations  were 
ide  only  so  as  to  take  the  mean  between  errors  of  preceding 
d  following  limbs. 

For  a  motion  corresponding  to  that  of  a  star  of  11°  21'  de- 
nation,  the  personal  equations  in  observing  the  limbs,  in  the 
ler  of  angular  radius  above  given,  were: 

+  0»-089,  +0»-269,  -h0'»-213, -|-0»-183,  +0»-167, 

lile  for  a  star  the  equation  in  the  same  position  of  the  tele- 
)pe  was  found  to  be    -l-Q»-148.     Foi 
ID  —  star,  in  the  same  order,  we  have : 

— 0*-059,  -f  0»-lll,  -h0»-066,  -f-0«-036,  -hO^'OOO. 

The  observations  in  this  last  investigation  are  not  complete, 
t  it  seems  to  be  established  that  the  author's  personal  equa- 
n  is  different  for  observation  of  limb  and  of  star,  the  diner- 
26  generally  increasing  with  the  increase  of  the  size  of  the 
k  observea. 

The  advantage  of  the  author's  apparatus  remains  in  the  fact 
it  with  it  the  circumstances  of  transit  observations  can  be 
3ely  imitated,  both  as  regards  the  position  of  the  observer 
I  the  fulfillment  of  other  desirable  conditions.  Objections 
complication  can  scarcely  be  made,  as  it  is  not  likely  that  an 
aratus  of  an  entirely  simple  character  will  be  devised  to 
mit  a  complete  investigation  of  the  peculiarities  of  the 
(onal  error. 
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Art.    XV.  —  The  Subsidence  of  Fine   Solid   Particles  in 

Liquids  /*  by  Carl  Barus. 

1.  Throughout  this  paper  the  motion  of  the  corpnades 
through  the  liquid  is  of  the  kind  premised  in  treating  capillary 
transpiration  :  in  both  cases  solid  and  liauid  move  relatively  to 
each  other  under  conditions  by  which  eadies  are  excluded,  and 
the  whole  kinetic  energy  is  at  once  converted  into  molecular 
kinetic  energy,  or  heat 

In  my  earlier  work  I  endeavored  to  analyze  the  phenome- 
non of  sedimentation  into  parts  such  that  the  conditions  under 
which  the  subsidence  is  to  be  explained  from  a  chemical,  or 
from  a  physical,  point  of  view,  may  be  better  discernible.  To 
do  this  I  first  considered  the  question  in  its  purely  mechanical 
aspects. t  If  P  be  the  resistance  encounterea  by  a  solid  spher- 
ule of  radius  r,  moving  through  a  viscous  liquid  at  the  rateo?,  and 
if  A;  be  the  frictional  coefficient,  then  P^GnJcrx,     Again,  the 

effective  part  of  the  weight  of  the  particle  is  P^=^^r*{p'-p% 

where  g  is  the  acceleration  of  gravity  and  p  and  />'  the  densitj 
of  solid  particle  and  liquid,  respectively.     In  case  of  uniform 

motion  P=P\     Hence  ^=QjT\p—p^)g  .......  (1) 

In  any  given  case  of  thoroughly  triturated  material  the  par- 
ticles vary  in  size  from  a  very  small  to  a  relatively  large  vaioe; 
but  by  far  the  greater  number  approach  a  certain  mean  figure 
and  dimension.  An  example  of  this  condition  of  things  may 
be  formulated.     To  avoid  mathematical  entanglement  I  will 

3  3 

select  y=^aj'(3~* (2)  where  y  is  the  probable  occdc'- 

rence  of  the  rate  of  subsidence  x.  If  now  the  turbidity  of  th^ 
liquid  (avoiding  optical  considerations)  be  defined  as  propor- 
tional to  the  mass  of  solid  material  particles  suspended  m  uni"^ 
of  volume  of  liquid,  then  the  degree  of  turbity  which  the  givfe 


*  The  present  article,  being  a  continuation  of  Bulletin  U.  S.  G.  S.,  No.  36, 18*  * 
is  largely  based  the  experimental  evidence  there  tabulated.  Mr.  William  D* 
ham  (Chem.  News,  xxx.  p.  57,  1874;  id.  xxxvii,  p.  47,  1878)  was  the  first  to  gi« 
an  incentive  to  this  class  of  experiments.  Much  of  our  knowledge  of  the  effect 
precipitants  is  due  to  him.  Moreoverj  the  theoretical  views  at  which  he 
mately  arrives  may  be  regarded  as  a  definite  point  of  departure.  In  this  count 
Prof.  T.  S.  Hunt  (Proc.  Boston  Soc.  Nat  Hist.,  Feb.,  1874),  Prof.  W.  H.  Br«i 
(National  Acad.  Sc,  188.3;  Am.  Journal,  (3),  xxix,  p.  1,  1885)  and  Prof.  C  1 
Stuntz  (Cincinnati  Soc.  Nat  liist,  Feb.,  1886)  have  occupied  themselTes  wi^ 
aimilar  work.  Prof.  Stuntz's  paper  contains  further  references  among  others ^^ 
Waldie's  results  (Journal  Asiatic  Soc,  of  Bengal,  1873;  Chem.  News,  18T^^ 
Meanwhile  Mr.  W.  Hallock  has  made  experiments  on  the  subsidence  of  l*D*5^r 
black  in  connection  with  his  work  on  the  density  of  that  substance  (Gt.  Bull.  '^^ 
S.  G.  S.,  No.  42,  p.  132,  1887).  1  may  add  that  my  own  experiments  were  sc*-^ 
gested  by  Prof.  Brewer's  memoir. 

t  Cf.  G.  KirchhoflE,  Mathematische  Physik,  lecture  26,  §  4,  1876. 
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yh  particles  add  to  the  liqaid  is,  caet  par.^  proportional  to 
r^ydx,  where  r  is  the  mean  radius.  Hence  the  turbidity,  T^  at 
the  outset  of  the  experiment   (immediately  after  shaking)  is 

as 

T^T^  I  r'ydx^T^y  where  equations  (1)  and  (2)  have  been  in- 
corporated. 

If  the  plane  at  a  depth  d  below  the  surface  of  the  li(]juid  be 
regarded,  then  at  a  time  t  after  shaking  the  residual  turbidity  is 

(3) T,=  T,fyydx=T,(^l^(^l+t\e    ^^ 

The  equation  describes  the  observed  occurrences  fairly  well. 
In  proportion  as  the  time  of  subsidence  is  greater,  the  tube 
shows  opacity  at  the  bottom,  shading  off  gradually  upward, 
through  translucency,  into  clearness  at  the  top.     If  instead  of 
equation  (2)  there  be  introduced  the  condition  of  a  more  abrupt 
maximum,  if  in  other  words  the  particles  be  very  nearly  of  the 
same  size,  then  subsidence  must  take  place  in  unbroken  column 
capped  by  a  plane  surface  which  at  the  time  zero  coincided 
with  the  free  surface  of  the  liquid.     Again  suppose  one-half  of 
the  particles  of  this  column  diner  in  some  way  uniformly  from 
the  other  half.     Then  at  the  outset  there  are  two  continuous 
columns  coinciding,  or  as  it  were  interpenetrating  throughout 
their  extent.     But  the  rate  of  subsidence  of  these  two  columns 
is  necessarily  different,  since  the  particles,  each  for  each,  differ 
in  density,  radius  and  frictional  qualities  by  given  fixed  amounts. 
Hence  the  two  surfaces  of  demarcation  which  at  the  time  zero 
coincided  with  the  free  surface.      In  general  if  there   be   n 
groups  of  particles  uniformly  distributed,  then  at  the  time  zero 
^  continuous  columns  interpenetrate  and  coincide  throughout 
their  extent.      At  the  time  ^,  the  free  surface  will  be  repre- 
sented by  n  consecutive  surfaces  of  demarcation  below  it,  each 
of  which  caps  a  column,  the  particles  of  which  form  a  distinct 
g^up.     This  phenomenon  is  Prof.  Brewer's  stratified  subsi- 
dence.    In  the  case  of  particles  which  have  undergone  an 
®^lier  fractionated  sedimentation  either  in  nature  or  in  the  arts, 
fhe  occurrence  of  groups  possessing  the  distinctive  character- 
^tics  here   discussed   is  not   improbable.     On  the  other  hand 
^hen  during  subsidence  the  surfaces  of  demarcation  follow  each 
^ther  in  regular  succession,  one  is  tempted  to  look  for  some- 
thing more  than  an  adventitious  cause  for  the  phenomenon.   An 
P'^erly  arrangement  of  groups  of  particles  might  for  instance 
'^dicate  successive  stages  of  hydration.     Of.  §  6.     In  case  of 
J'^tified  subsidence,  it  is  convenient  to  speak  of  the  planes  of 
^Qfiaarcation  as.  orders  of  surfaces,  numbering  them  from  the 
*^  downward.     Seven  or  even  ten  orders  are  not  uncommon. 
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2.  "With  these  deductions  as  a  point  of  departure,  I  then 
attempted  to  find  relations  between  rates  of  subsidence,  the 
viscous  and  capillary  properties  of  the  liquid,  and  its  electrical 
behavior,  under  analogous  conditions  of  concentration  and  of 
temperature.     This  general  survey  proved  that  the  phenomenon 
of  sedimentation  is  unique ;   that  the  frictional  resistances  en- 
countered by  the  particles  are  apparently  different  from  the 
viscosities  of  the  liquids  in  which  subsidence  takes  place ;  that 
many  of  the  occurrences  observed  are  closely  allied  to  the  elec- 
trolytic and  the  capillary  properties  of  this  liquid.       Finally 
utilizing  Prof.  Brewer's  stratined  subsidence,  which  I  obtained 
very  clearly  with  certain  kinds  of  tripoli,  I  commenced  a  series 
of   more  rigorously  quantitative  measurements  showing  that 
caetpa/r,^  rate  of  subsidence  is  primarily  dependent  onthetar- 
bidity  of  the  mixture. 

In  my  experiments  with  tripoli,  the  observed  rates  of  subsi- 
dence (cm  /  (sec  X 10"))  in  ether,  alcohol,  water,  glycerine  were 
7500,  1300,  3,  0*09,  respectively ;   but  owing  to  the  difference 
in  character  of  the  divers  precipitates,  these  figures  have  no 
further  signification  than  to  emphasize  the  said  difference  in 
character.  §§  5,6.     Let  water  and  ether  be  mixed  so  that  there 
shall  be  equal  bulks  of  etherized  water  below,  and  aqueons 
ether  above,  and  then  let  the  dust  (bole)  be  added.     If  now  ti^ 
mixture  is  violently  shaken  and  then  allowed  to  subside,  th^ 
ether  is  washed  clean  of  particles  in  a  few  minutes  whereas  th& 
sediments  remain  suspended  in  water   for   weeks  and  even, 
months.     Here  however  the  separation  and  subsidence  is  pitH 
moted  by  the  surface  energy  of  water. 

On  the  other  hand  if  dry  tripoli  be  added  to  ether  dried  over 
CaCl, ,  in  a  test  tube,  and  if  the  tube  be  held  obliquely  after* 
shaking,  subsidence  is  so  rapid  that  the  upward  current  of  ether^ 
along  the  upper  line  of  the  tube  is  almost  tempestuous. 

The  close  relation  of  the  present  phenomena  to  electrolytii^ 
phenomena  appears  at  once  by  observing  that  so  little  as  i 
single  molecule  of  HCl  (for  instance)  added  to  10,000  or  evei 
50,000  molecules  of  H,0,  produces  appreciable  increase  of  thi 
rate  of  subsidence.  Remembering  that  the  arrangement  is '" 
three  dimensions,  and  supposing  tne  molecule  HCl  as  large 
the  molecule  H,0,  the  effect  of  the  molecule  HOI  must 


appreciable  at  a  distance  of  at  least  30  times  its  own  radius, 
and  extend  much  beyond  this  asymptotically.     Quincke's  radiw-^ 

*  The  estimated  diameter  of  HaO  (distancie  between  centers  of  adjacent  mole- 
cules 2p  =  40/10»<=")  I  take  from  Kohlrausch  (Wied.  Ann.,  vi,  p.  209,  1879).  l^ 
how  far  the  molecule  of  liquid  water  differs  from  HaO  remains  to  be  seen.  I°* 
deed  the  underlying  cause  of  continuous  and  of  discontinuous  fusion  and  Tapori* 
zation,  and  the  cause  of  allied  phenomena  such  as  retarded  solidification,  ebulli- 
tion, etc.,  seems  clearly  to  be  some  form  of  polymerization.  Neverthelen  the 
atomic  theory  in  its  present  stage  of  development  fails  to  suggest  a  BatisfaotoiT 
mechanism  for  these  occurrences. 
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of  capillary  attraction,  -OOOOOS*^,  beinff  at  least  100  times  the 
molecular  radius  H,0,  it  appears  that  ttie  striking  effect  of  the 
molecale  HCi  in  accelerating  subsidence,  is  not  an  abnormal 
occarrence,  at  least  from  a  physical  point  of  view.  Other  rela- 
tions are  adduced  in  the  Bulletin. 

S.  To  account  for  these  phenomena  as  a  whole,  Mr.  Durham, 
in  his  second  paper,  proposes  an  hypothesis  in  virtue  of  which 
the  scope  of  the  action  of  aflSnity  is  enlarged,  and  suspension 
regarded  as  the  lower  limit  of  solution.  This  view  is  rapidly 
gaining  ground ;  nevertheless  without  concise  experimental  rei- 
erence  to  the  density  and  size  of  the  solid  particles  and  the  vis- 
cosity of  the  liquid,  Mr.  Durham's  explanation  contains  no 
sufficient  reason  for  the  observed  suspension,  nor  for  changes 
3f  rate  of  subsidence.  Prof.  Brewer's  ingenious  hypothesis  of 
colloidal  hydrates  so  constituted  that  the  particles  may  ulti- 
mately swell  up  and  float  something  like  gelatinous  silica,  or 
even  like  starch  grains,  is  more  direct;  and  before  further 
reasons  of  the  cause  of  suspension  are  sought  the  validity  of 
this  inference  must  be  tested.  This  test  is  feasible,  1  think. 
If  the  phenomenal  difference  of  rate  with  which  the  same  par- 
ticles subside  in  water  and  in  ether  is  due  to  volume  changes 
of  the  particles,  then  a  marked  difference  in  the  density  of  tne 
s^iment  (clay  or  tripoli)  in  water  and  in  ether  respectively, 
ninst  be  experimentally  demonstrable.  Cf.  equation  (1).  I 
pade  these  experiments  with  both  solids,  using  two  nearly 
identical  density  flasks,  one  for  water  and  the  otber  for  ether, 
in  the  usual  way.  The  powders  were  sampled  and  dried  at 
200®  in  an  air  bath  for  half  a  day,  transferred  to  the^  pycnome- 
*®^  dried  and  weighed  when  cold.  They  were  then  left  in  a 
dessicator  for  18  hours  and  again  weighed  ;  and  finally  dried  in 
^acuo  and  weighed.  The  results  throughout  were  satisfactorily 
instant.  By  aid  of  an  apparatus  speciallv  devised  for  the  pur- 
l^ose,  the  two  flasks  were  once  more  thoroughly  exhausted 
'Mercury  air  pump),  and  then  filled  with  water  and  with  ether 
^pectively,  in  vacuo,  over  sulphuric  acid.  In  both  cases  (the 
'^periments  were  made  consecutively),  the  vacuum  ebullition 
f ^  kept  up  for  some  time  to  give  full  assurance  of  the  expul- 
^^n  of  air,  etc.  The  density  of  the  ether  had  been  previously 
^^termined  by  the  same  flasks,  once  for  each  experiment. 
Thus  1  obtained  for  tripoli. 

In  water,  density  =:  J.=2'6'72, 
In  ether,  density  =J,=  2'697. 

Again,  I  obtained  for  white  bole. 


\ 


\ 


In  water,  ii^*=2-639, 
In  ether,  ii^*=2-663. 


The  manipulation  being  somewhat  difficult,  the  "observed 
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differences  of  A,^  and  A^  are  no  larger  than  the  many  sources 
of  error  led  me  to  aBticipate,  particularly  in  view  of  the  fact 
that  the  two  samples  for  ether  and  for  water  may  not  have 
been  absolutely  identical.  The  concentrated  ether  used  wis 
the  same  commercial  reagent  with  which  I  obtained  the  sub- 
sidence phenomena.  In  consequence  of  the  high  but  norraal 
values  of  both  J^  and  4^,  I  saw  no  need  of  specially  purify- 
ing it.  I  add  finally  that  after  calcination,  the  dry  tripoli  lost 
1*2  per  cent  in  weight,  and  the  dry  bole  about  11*4  per  cent. 
In  both  cases  this  is  probably  water  of  constitution,  tne  elimi- 
nation of  which  was  of  course  not  permissible.  In  spite  of 
differences  of  chemical  composition,  the  bole  and  tripoli  parti- 
cles are  about  equally  suspended  before  and  after  calcination, 
and  the  phenomena  with  ether  dried  over  CaCl,  are  identical 
with  the  above. 

4.  These  results  show  that  the  densities  in  the  two  cases 
(sediment  in  water  and  in  ether  respectively),  are  not  essen- 
tially different.  Moreover,  the  density  of  tnpoli  is  so  nearly 
that  of  quartz,  and  the  density  of  bole  so  nearly  that  of  kao- 
linite,  as  to  leave  the  hydration  hypothesis  very  serioudj  in 
the  lurch,  so  far  as  favorable  evidence  is  concerned.  It  is  im- 
probable that  the  addition  of  water  to  the  dry  powder  is  ac- 
companied by  suflSciently  marked  volume  changes ;  it  is  cer 
tain  that  the  enormous  variation  of  iiates  of  subsidence  actn- 
ally  observed  when  the  particles  descend  in  water,  in  solutions, 
and  in  ether,  must  be  referred  to  some  general  cause  apart 
from  the  density  of  the  particles  and  the  vi^cosity  of  the 
liquids. 

5.  This  premised,  the  explanation  of  sedimentation  may  be 
so  made  as  to  give  emphasis  to  the  following  principle :  If 
particles  of  comminuted  solid  are  shaken  up  m  a  liquid,  the 
distribution  of  parts  after  shaking  will  tend  to  take  place  in 
such  a  way  that  the  potential  energy  of  the  system  of  solid 
particles  and  liquid,  at  every  stage  of  subsidence,  is  the  mini- 
mum compatible  with  the  given  conditions.  In  the  case  of 
solid  particles  and  pure  water  the  configuration  answering  this 
condition,  is  schematically, 

Particle,  water Particle,  water. 

In  the  case  of  solid  particles  and  ether,  or  of  solid  particles 
and  solutions,  this  configuration  is  schematically. 

Particle,  particles ether,  ether. 

For  the  exemplification  of  this  inference  my  paper  contains 
varied  experimental  evidence.  The  principle  asserts  that  in 
case  of  water  the  sediment  is  graded  and  the  suspended  mate- 
rial granular,  whereas  in  ether  the  sediment  is  apparently  ho- 
mogeneous, as  I  found ;  that  the  bulk  of  sediment  is  necessar 
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less  in  water  than  in  ether,  being  compact  in  the  first  in* 
se  and  of  a  microscopically  arched  or  castellated  internal 
3ture  in  the  second  instance,  as  I  fonnd ;  that  the  effect  of 
pecipitant  is  particularly  marked  when  the  mixture  is 
lely  turbid  with  relatively  coarse  particles,  as  I  found; 
finally  the  phenomena  of  sedimentation  must  be  of  a  dis- 
b  and  special  kind,  and  by  no  means  the  immediate  con- 
e  of  capillary  viscous  transpiration.  The  inferences  are 
I  based  on  equation  (1)  above,  and  follow  at  once  when  k 
p  are  nearly  constant.  In  the  Bulletin,  I  computed  the 
tive  size  (radii)  of  particle  of  tripoli  subsiding  in  water, 
hoi,  ether,  to  be  1,  19  and  24  respectively.* 
;  is  exceedingly  curious  to  note  in  case  of  water,  that  despite 
phenomenally  large  surface  energy  of  the  liquid,  subsidence 
«  place  in  such  a  way  that  for  a  given  mass  of  suspended 
ment,  the  surfaces  oi  separation  are  a  maximum.  On  the 
ir  hand,  in  case  of  subsidence  in  ether,  or  in  salt  solutions, 
solid  particles  behave  much  like  the  capillary  spherules  of 
javy  liqtud,  shaken  up  in  a  lighter  liquid  witn  which  it 
I  not  mix.  In  other  words  the  tendency  here  is  to  reduce 
aces  of  separation  to  the  least  possible  value,  large  particles 
^ng  in  mass  and  bulk  mecnanically  at  the  expense  of 
Her  particles.  Finally  it  is  clear  that  the  conaition  of 
tified  sedimentation  is  very  slow  subsidence  of  a  granular 
jipitate. 

he  experimental  evidence  addi^ced  bears  directly  on  the 
of  the  particles  of  any  precipitate.  A  given  mass  of  small 
1  particles  presupposed,  the  observations  of  the  foregoing 
igraph  make  it  probable  that  the  potential  energy  of  the 
em  of  solid  particles  and  liquid  increases  with  the  radius  of 
particle.  These  observations  also  show  that  the  potential 
pgy  of  the  system  of  solid  particles  alone,  decreases  as  the 
of  the  particles  increases,  a  state  of  things  due  both  to  the 
lediate  action  between  solid  particles,  ana  probably  also  to 
surface  energy  of  the  liquid  in  which  suspension  takes 

This  is  the  first  of  the  hypotheses  which  I  develop  in  detail  in  Bulletin  No.  36, 
4,  35,  37.  In  a  re-calculation  since  made  with  more  accurate  values  of  k 
sr  QO  to  100°,  Slotte  in  Wied.  Ann.,  xx,  p.  262.  1883;  ethyl  and  methyl 
lol,  Graham  in  Phil.  Mag.,  (4),  xxiv,  p.  238,  1861 ;  ether,  Landolt  and 
natein's  Tables,  p.  153;  glycerine  estimated  ?7=10  g  cm-*  sec.-*),  the  radii 
e  particles  in  water,  ethyl  alcohol,  methyl  alcohol,  ether  and  glycerine  are 
(i  to  be  r=0000009«»,  000019*=«  000018«™,  0-00020««  and  0-00005«»  re- 
Lively.  In  case  of  bole  suspended  in  water  at  15**  and  100"",  the  radii  were 
oximately  <  OOOOOIO*^"  and  >  0-000020«'".  §  6  points  out,  that  whereas 
?  dimensions  may  be  called  in  question  when  considered  absolutely,  the  rela- 
valnes  of  r  are  probably  true. 

le  fact  that  particles  so  extremely  light  descend  at  all  is  a  result  showing 
almost  marvelous  delicacy  of  these  experiments.  In  case  of  tripoli-water, 
Dstanoe,  the  estimated  weight  of  particle  is  only  1/10"  milligrams;  being  in- 
)le  microscopically  it  must  have  weighed  less  than  l/W^  milligrain. 


I 
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place.  Under  these  conflicting  conditions  it  is  probable  that 
there  is  a  critical  shell,  within  which  the  energy  solid-liquid 
decreases  less  rapidly  than  the  energy  solid-solid;  and  beyond 
which  shell  the  energy  solid-liquid  increAses  more  rapidly  than 
the  energy  solid-solid.  This  critical  shell,  being  compatible 
with  the  conditions  of  minimum  potential  energy  of  the  sub- 
siding system  as  a  whole,  is  the  size  of  the  precipitated  particles: 
for  any  change  of  the  radius  of  a  particle  bounded  by  the  criti- 
cal shell,  implies  an  expenditure  of  work,  which  under  the 
usual  conditions  of  precipitation  is  not  available. 

6.  I  have  finally  to  endeavor  to  assign  some  value  to  the 
radius  of  the  critical  shell  for  the  case  of  the  above  water  sus- 
pensions. In  my  experiments  with  tripoli,  rates  of  subsidence, 
X,  in  (yfn  (sec.  X  10*),  varied  from  a?  =  1  to  a?  =  20,  according 
as  higher  orders  of  surfaces  or  turbidities  of  lower  degree,  were 
chosen.  Taking  the  more  usual  value,  a?  =  3,  the  radius  of  the 
particles  subsidmg  was  probably  not  less  than  400  times  the 
molecular  radius  of  water.  The  bole  particles  under  analogow 
conditions  of  suspension  in  H,0,  were  smaller,  probably  only 
100  water  radii.  In  Prof,  Brewer's  indefinitely  suspended  chijs 
the  limit  of  comminution  can  not  be  estimated  at  all,  except 
perhaps  from  purely  optical  considerations.*  Whether  m 
this  extreme  case  colloidal  hydration  with  concomitant  volume 
changes  is  still  demonstrably  absent,  remains  to  be  seen.  To 
test  it,  a  sufficient  quantity  of  the.  extremely  fine  material 
would  have  to  be  collected  and  dried  Ify  low  temperatnre 
evaporation. 

Again  in  Bulletin  No.  35  (p.  21),  I  point  out  at  some 
length  that  "  when  the  particles  decrease  (in  size)  from 
some  estimable  mean  value  indefinitely,"  liquid  viscosity, 
being  at  least  partially  if  not  largely  kinetic  in  charac- 
ter, can  no  longer  be  considered  constant  as  regards  time; 
that  therefore  a  particle  may  descend,  or  in  other  words 
the  continuous  and  constant  action  of  gravity  produce  an  effect 
even  when  the  weight  of  the  particle  is  below  the  mean 
or  physically  measurable  value  of  the  friction  encountered; 
that  the  limits  of  time- variation  of  viscosity  will  increase  as  the 
radius  of  the  circumscribed  space  decreases.  In  such  a  case  the 
particle  to  be  stationary  must  weigh  less  than  the  lower  limit 
of  the  variable  viscosity — a  quantity  which  may  be  reasonably 
conceived  to  approach  zero  very  nearly.  I  carried  these 
inferences  one  step  further  by  supposing,  rationally,  I  think, 

*  The  optical  properties  ot  light  reflected  from  particles  small  in  oompariMi 
with  the  wave  length  of  light  are  discussed  by  Stokes  (Phil.  Trans.,  1852,  p.  530). 
How  large  a  particle  may  be  without  iuterfering  with  optical  dearnesi,  I 
can  not  say.  It  is  well  to  bear  in  mind  that  the  suspension  of  corpusdee  oon^ 
ing  of  a  small  number,  say  ten  molecules  per  critical  shell,  would  bear  the  oaW 
ward  characteristics  of  solution. 
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the  limits  within  which  this  elementary  viscosity  (say) 
J8,  will  increase  with  the  degree  of  molecular  agitation  of 
liquid.  On  the  basis  of  this  postulate  I  then  endeavored 
xplain  sedimentation  kineticatly,  both  in  its  relations  to 
perature  and  the  effect  of  precipitants. 
ne  point  which  antagonizes  this  hypothesis  must  not  be 
sight  of :  Two  or  more  particles  sumciently  near  together 
tend  to  screen  each  other ;  and  receiving  impact  mainly  on 
r  outer  surfaces  will  be  brought  to  permanent  coherence  so 
:  as  the  conditions  of  pronounced  molecular  agitation  last, 
lis  actually  observed  in  water  suspensions  at  100°,  in  solu- 
■suspensions,  in  ether  suspensions,  etc.  In  these  instances 
e  seems  to  be  diflSculty  in  preserving  the  granular  state 
11.  36,  i>.  38). 

0  pass  judgment  on  the  validity  of  such  explanation,  it  is 
issary  to  have  in  hand  better  statistics  of  the  size  of  the 
icles  relatively  to  the  water  molecule,  than  are  now  avail- 
.  Inasmuch  as  the  particles  in  pure  water  are  individ- 
5ed  and  granular,  it  is  apparantly  at  once  permissible  to 
p  the  size  of  the  particles  from  the  observed  rates  of  subsi- 
je.  But  my  observations  show  that  the  said  rate  decreases 
larked  degree  with  the  turbidity  of  the  mixture.  Hence 
known  formute  for  single  particles  are  not  rigorously 
licable,  though  it  cannot  be  asserted  whether  the  cause  of 
repancy  is  physical  or  mathematical  in  kind.  It  follows 
special  deductibns  must  be  made  for  the  subsidence  of 
3(i  ffl-oups  of  particles  before  an  estimate  of  their  mean  size 
fainy  be  obtained. 

ya.  Lab.,  U.  S.  G.  S.,  Washington,  D.  C. 


r.  XVI. — A  Cornparison  of  the  Electric  Theory  of  Light 
nd  Sir  William  ThomsorHs  Theory  of  a  Quasilabue  Ether; 

y  J.  WiLLARD  GiBBS. 

L  REMARKABLE  paper  by  Sir  William  Thomson,  in  the  No- 
iber  number  of  the  Philosophical  Magazine^  has  opened  a 

vista  in  the  possibilities  of  the  theory  of  an  elastic  ether. 
«  the  general  theory  of  elasticity  gives  three  waves  char- 
rized  by  diflFerent  directions  of  displacement  for  a  single 
eplane,  while  the  phenomena  of  optics  show  but  two,  the 

point  in  accomodating  any  theory  to  observation,  is  to 
nd  (absolutely  or  sensibly)  of  the  third  wave.  For  this 
,it  has  been  common  to  make  the  ether  incompressible,  or, 
*  is  sometimes  expressed,  to  make  the  velocity  of  the  third 
B  infinite.  The  velocity  of  the  wave  of  compression  be- 
nia  fMl  infinite  as  the  compressibility   vanishes.     Of 

anm,  Vol.  XXXVII,  Na  218.— Feb.,  1889. 
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course  it  has  not  escaped  the  notice  of  physicists  that  we  may 
also  get  rid  of  the  third  wave  by  making  its  velocity  zero,  ab 
may  be  done  by  giving  certain  values  to  the  constants  which 
express  the  elastic  properties  of  the  medium,  but  such  Valna 
have  appeared  impossible,  as  involving  an  unstable  state  of  the 
medium.  The  condition  of  incompressibility,  absolute  or  ap- 
proximate, has  therefore  appeared  necessarv.*  This  question 
of  instability  has  now,  however,  been  subjected  to  a  more 
searching  examination,  with  the  result  that  the  instability  does 
not  really  exist  ^^pro<vided  we  either  suppose  the  medium  to  ex- 
tend all  through  boundless  spaee^  or  give  it  a  fixed  containing 
vessel  as  its  houndary.^^  Tnis  renders  possible  a  very  simple 
theory  of  light,  which  has  been  shown  to  give  FresneFs  laws 
for  the  intensities  of  reflected  and  refracted  light  and  for 
double  refraction,  so  far  as  concerns  the  phenomena  which 
can  be  directly  observed.  The  displacement  in  an  aeolotropic 
mediunl  is  in  the  same  plane  passing  through  the  wave-normal 
as  was  supposed  by  Fresnel,  but  its  position  in  that  plane  is 
different,  being  perpendicular  to  the  ray  instead  of  to  the 

wave-normaLf 

It  is  the  object  of  this  paper  to  compare  this  new  theoiy 
with  the  electric  theory  of  light.  In  the  limiting  cases,  th^ 
is,  when  we  regard  the  velocity  of  the  missing  wave  in  the 
elastic  theory  as  zero,  and  in  the  electric  theory  as  infinite,  we 
shall  find  a  remarkable  correspondence  between  the  two  theo- 
ries, the  motions  of  monochromatic  ligh*  within  isotropic  or 
aeolotropic  media  of  any  degree  of  transparency  or  opaeitj, 
and  at  the  boundary  between  two  such  media,  being  repre- 
sented by  equations  absolutely  identical,  except  that  the  sym- 
bols which  denote  displacement  in  one  theory  denote  force  in 
the  other,  and  vice  versd^X  In  order  to  exhibit  this  cont- 
spondence  completely  and  clearly,  it  is  necessary  that  the  fun- 
damental principles  of  the  two  theories  should  be  treated  with 
the  same  generality,  and,  so  far  as  possible,  by  the  same  method 
The  immediate  consequences  of  tne  new  theory  will  therefore 
be  deduced  w*ith  the  same  generality  and  essentially  by  the 
same  method  which  has  been  used  with  reference  to  the  electric 
theory  in  a  former  volume  of  this  Journal  (vol.  xxv,  p.  107). 

*  It  was  under  this  impression  that  the  paper  entitled  *'A  CompariBOii  of  tin 
Elastic  and  the  Electric  Theories  of  Li^ht  with  respect  to  the  Law  of  Doable  re* 
fraction  and  the  dispersion  of  colors,"  in  the  June  number  of  this  Journal,  wis 
written.  The  conclusions  of  that  paper,  except  so  far  as  respects  the  dispersioB 
of  colors,  will  not  apply  to  the  new  theory. 

f  Sir  William  Thomson,  loc.  citat.  R.  T.  Qlazebrook,  PhiL  Mag.,  Deoeobli^ 
1888. 

^  lu  giving  us  a  new  interpretation  of  the  equations  of  the  electric  theory,  tbe 
author  of  the  uew  theory  has  in  fact  enriched  the  mathematical  theoiy  of  f^grooi 
with  something  which  may  be  compared  to  the  celebrated  principle  of  dbioMkf^ 
geometry. 
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The  elastic  properties  of  the  ether,  according  to  the  new 
theory,  in  its  limiting  case,  may  be  very  simply  expressed  by 
means  of  a  vector  operator,  for  which  we  shall  use  Maxwell's 
designation.  The  curl  of  a  vector  is  defined  to  be  another 
vector  so  derived  from  the  firet  that  if  Uj  v,  w  be  the  rectan- 
galar  components  of  the  first,  and  u\  v'j  w',  those  of  its 
<5iirl, 

r   ^    dto  _  dv       f  __  du  __  dw        '_«?»_  du    ,,v 
dy        di  dz         dx^  dx        dy 

where  «,  y,  z  are  rectangular  coordinates.  With  this  under- 
standing, if  the  displacement  of  the  ether  is  represented  by 
the  vector  G,  the  force  exerted  upon  any  element  by  the  sur- 
rounding ether  will  be 

—  B  curl  curl  S  dx  dy  dz^  (2) 

where  B  is  a  scalar  (the  so-called  rigidity  of  the  ether)  having 
the  same  constant  value  throughout  all  space,  whether  ponder- 
able matter  is  present  or  not. 

Where  there  is  no  ponderable  matter,  this  force  must  be 
equated  to  the  reaction  of  the  inertia  of  the  ether.  This  gives, 
with  omission  of  the  common  factor  dx  dy  dz, 

Ag  =  —  B  curl  curl  g,  (3) 

where  A  denotes  the  density  of  the  ether. 

The  presence  of  ponderable  matter  disturbs  the  motions  of 
the  ether,  and  renders  them  too  complicated  for  us  to  follow 
in  detail.  Nor  is  this  necessary,  for  the  quantities  which  occur 
in  the  equations  of  optics  represent  average  values,  taken  over 
spaces  large  enough  to  smooth  out  the  irregularities  due  to  the 
ponderable  particles,  although  very  small  as  measured  by  a 
wave-length.*  Now  the  general  principles  of  harmonic  mo- 
tdonf  show  that  to  maintain  in  any  element  of  volume  the 
motion  represented  by 

27ri- 

e=2i«  ^,  (4) 

%  being  a  complex  vector  constant,  will  require  a  force  from 
outside  represented  by  a  complex  linear  vector  function  of  S, 
that  is,  the  three  components  of  the  force  will  be  complex 

*  This  is  in  DO  respect  different  from  what  is  always  tacitlj  understood  in  the 
theory  of  sound,  where  the  displacements,  velocities,  densities  considered  are  al- 
wiiys  such  average  values.  But  in  the  theory  of  li^ht,  it  is  desirable  to  have  the 
fact  clearly  in  mind  on  accouot  of  the  two  interpenetrating  media  (imponderable 
aod  ponderable),  the  laws  of  light  not  being  in  all  respects  the  same  as  they 
would  be  for  a  single  homogeneous  medium. 

•(•  See  Lord  Rayleigh's  Theory  of  Sotind,  vol  i,  chapters  iv,  v. 
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linear  functions  of  the  three  components  of   (g.     We  fihaD 
represent  this  force  by 

BWkdxdydz,  (5) 

where  W  represents  a  complex  linear  vector  function.* 

If  we  now  equate  the  force  required  to  maintain  the  motion 
in  any  element  to  that  exerted  upon  the  element  by  the  sur- 
rounding ether,  we  have  the  equation 

!?^g  =  — curl  curl  g,  (6) 

which  expresses  the  general  law  for  the  motion  of  monochro- 
matic light  within  any  sensibly  homogeneous  medium,  and 
may  be  regarded  as  implicitly  including  the  conditions  relating 
to  the  boundary  of  two  such  media,  which  are  necessary  for 
determining  the  intensities  of  reflected  and  refracted  light. 

For  let  w,    v,     w    be  the  components  of     S, 

u\  v\    w'      "  "  curl  g, 

u",  v'\  w"      "  *'  curl  curl  g, 

so  that 

,^dw  dv           , du  dw  ,_cto  du 

~  dy  dz*  dz  dx^  '^ dx  dy* 

„_dw'  dv'         „ du'  dw'  „_,<^^'  <^' , 

^ dy  dz^  dz  dx^  ~'dx  dy  ' 

and  let  the  interface  be  perpendicular  to  the  axis  of  Z.    It  i 
evident  that  if  u^  or  v^  is  discontinuous  at  the  interface,  tht^ 
value  of  t^"  or  v^'  becomes  in  a  sense  infinite,  i  e.,  curl  curl  S^ 

and  therefore  by  (6)  Wq,  will  be  infinite.    Now  both  g  and 


are  discontinuous  at  the  interface,  but  infinite  valu^  for 
are  not  admissible.  Therefore  u^  and  v^  are  continuous— 
Again,  if  u  or  v  is  discontinuous,  ?/'  or  v^  will  become  infinite^^ 
and  therefore  u'^  or  v^\  Therefore  u  and  v  are  continuon^^^- 
These  conditions  may  be  expressed  in  the  most  general  manner*' 
by  saying  that  the  components  of  g  and  curl  g  parallel  to  tb^^ 
interface  are  continuous.  This  gives  four  complex  scalar  codb-^ 
ditions,  or  in  all  eight  scalar  conditions,  for  the  motion  at  th 
interface,  which  are  sufficient  to  determine  the  amplitude  an 

*  It  amounts  essentially  to  the  8ame  thing,  whether  we  regard  the  foroe  u 

linear  vector  function  of  (£  or  of  (£,  since  these  differ  only  by  the  oonstant 

47r* 
.    But  there  are  some  advantages  in  expressing  the  force  as  a  fUoctioo 

(E,  because  the  greater  pari  of  the  force,  in  the  most  important  caseSj  is  reqoi 
to  overcome  the  inertia  of  the  ether,  and  is  thus  more  immediately  ooi 

with  (L 
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se  of  the  two  reflected  and  the  two  refracted  rays  in  the 
t  general  case.  It  is  easy,  however,  to  deduce  from  these 
•  complex  conditions,  two  others,  which  are  interesting  and 
etimes  convenient.  It  is  evident  from  the  definitioms  of 
i.Tid  V)*'  that  if  u^  Vy  u\  and  v'  are  continuous  at  the  inter- 
im' and  w^'  will  also  be  continuous.    Now  —  i(?"  is  equal  to 

component  of  JT®  normal  to  the  interface.  The  foUow- 
quantities  are  therefore  continuous  at  the  interface  : 

the  corapoments  parallel  to  the  interface  of  (S,  ) 

the  component  normal  to  the  interface  of      y^S,      V       (7) 

all  components  of  curl  (S.  ) 

0  compare  these  results  with  those  derived  from  the  elec- 
il  theory,  we  may  take  the  general  equation  of  monochro- 
ic  light  on  the  electrical  hypothesis  from  a  paper  in  a 
Qer  volume  of  this  Journal.  This  equation,  which  with  an 
ssential  difEerence  of  notation  may  be  written* 

-Pot  g  -  pQ  =  ^n^%  (8) 

established  by  a  method^  and  considerations  similar  to  those 
ch  have  been  used  to  establish  equation  (6),  except  that  the 
inary  law  of  electro-dynamic  induction  had  the  place  of  the 
'  law  of  elasticity.  5  ^s  a  complex  vector  representing  the 
trical  displacement  as  a  harmonic  function  of  the  time  ;  0 
complex  linear  vector  operator,  such  that  ^tz0  g  represents 
electromotive  force  necessary  to  keep  up  the  vibration  % 
s  a  complex  scalar  representing  the  electrostatic  potentid, 
the  vector  of  which  the  three  components  are 

e?Q      c^Q      JQ 
dx^     dy^     dz' 

denotes  the  operation  by  which  in  the  theory  of  gravita- 

the  potential  is  calculated  from  the  density  of  matter.f 

3n  it  is  applied  as  here  to  a  vector,  the  three  components 

he  result  are  to  be  calculated  separately  from  the  three 

ponents  of  the  operand.     —  pQ  is  therefore  the  electrostatic 

3,  and  —Pot  g  the  electrodynamic  force.  In  establishing 
equation,  it  was  not  assumed  that  the  electrical  motions 
^olenoidal^  or  such  as  to  satisfy  the  so-called  "  equation  of 
inuity."     We  may  now,  however,  make  this  assumption, 

^e  this  Journal,  vol.  xxv,  p.  11 4,  equation  (12). 

be  sjrmbol  —  Pot  is  therefore  equivalent  to  47rv~',  as  used  by  Sir  William 

Bon  (with  a  happy  economy  of  symbols)  at  the  last  meeting  of  British  Asso- 

ci  to  express  the  same  law  of  electrodynamic  induction,  except  that  the  sym- 

here  used  as  a  vector  operator.    See  Nature,  vol.  xxxviii,  p.  571,  8ub.  inii. 
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since  it  is  the  extreme  case  of  the  electric  theory  which  we 
are  to  compare  with  the  extreme  case  of  the  elastic. 

It  results  from  the  definitions  of  curl  and  f  that  curl  f  Q=0. 
We  may  therefore  eliminate  Q  from  equation  (8)  by  taking  the 
cnrl.     This  gives 

—curl  Pot  g=47r  curl  ^5,  (9) 

Since  curl  curl  and  —  Pot  are  inverse  operators  for  solen- 

oidal  vectors,  we  may  get  rid  of  the  symbol  Pot  by  taking  tlie 
curl  again.    We  thus  get 

—§= curl  curl  ^g.  (10) 

The  conditions  for  the  motion  at  the  boundary  between  dif- 
ferent media  are  easily  obtained  from  the  following  considera- 

tions.  Pot  g  and  Q  are  evidently  continuous  at  the  interface. 
Therefore  the  components  parallel  to  the  interface  of  ^Q,  and 

by  (8)  of  0%  will  be  continuous.    Again,  curl  Pot  §  is  con- 
tinuous at  the  interface,  as  appears  from  the  consideration  that 
•  • 

curl  Pot  %  is  the  magnetic  force  dne  to  the  electrical  motions  J. 
Therefore,  by  (9),  curl  (PJ  is  continuous.  The  solenoidal  con- 
dition requires  that  the  component  of  %  normal  to  the  inter- 
face shall  be  continuous. 

The  following  quantities  are  •therefore  continuous  at  the 
interface : 

the  components  parallel  to  the  interface  of  9%^         ) 
the  component  normal  to  the  interface  of     ^^  >-    (U) 

all  components  of  curl  ^^.  ) 

Of  these  conditions,  the  two  relating  to  the  normal  components 
of  J?  and  curl  (Pg  are  easily  shown  to  result  from  the  other 
four  conditions,  as  in  the  analogous  case  in  the  elastic  theory. 

If  we  now  compare  in  the  two  theories  the  differential 
equations  of  the  motion  of  monochromatic  light  for  the  in- 
terior of  a  sensibly  homogeneous  medium,  (6)  and  (10),  and  the 
special  conditions  for  the  bonndary  between  two  such  media 
as  represented  by  the  continuity  of  the  quantities  (7)  and  (Il\ 
we  find  that  these  equations  and  conditions  become  identical,  u 

5  =  ^e,  (12) 

G  =  ^5,  (18) 

W  =  ^\  (14) 

In  other  words,  the  displacements  in  either  theory  are  sdbjeet 
to  the  same  general  and  surface  conditions  as  tne  foroee  4^ 
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to  maintain  the  vibrations  in  an  element  of  volume 

ther  theory. 

s  our  ideas  in  regard  to  the  signification  of  W  and  ^, 

consider  the  case  of  isotropic  media,  in  which  these 
rs  reduce  to  ordinary  algebraic  quantities,  simple  or 
I.  Now  the  curl  of  any  vector  necessarily  satisfies  the 
lal  condition  (the  so-called  'equation  of  continuity'), 
•e  by  (6)  W^  and  S  will  be  solenoidal.    So  also  will  8^ 

in  the  electrical  theory.     Now  for  solenoidal  vectors 

-curl  curl  =  ^.+^  +  ^,  (15) 

the  equations  (6)  and  (10)  reduce  to 

imple  train  of  waves,  the  displacement,  in  either  the- 
y  be  represented  by  a  constant  multiplied  by 

^i(gt+ax-hbi/-{-cz)  (18) 

lations  then  reduce  again  to 

g'W^={a'-hb'-hc')(S,  (19) 

i/'^=(a'-hb'-hc')0^.  (20) 

-^    a'  +  6«  +  c«  ^  ^ 

t  member  of  this  equation,  when  real,  evidently  ex- 
the  square  of  the  velocity  of  light.     If  we  set 

ing  the  velocity  of  light  i;i  vacuo^  we  have 

n'=k''W=k'^\  (23) 

1  n'  is  positive,  which  is  the  case  of  perfectly  trans- 
bodies,  the  positive  root  of  w'  is  called  the  index  of 
3n  of  the  medium.  In  the  most  general  case,  it  would 
opriate  to  call  n — or  perhaps  that  root  of  n'  of  which 
I  part  is  positive — the  (complex)  index  of  refraction, 
h  the  terminology  is  hardly  settled  in  this  respect.  A 
3  value  of  n^  would  represent  a  body  from  which  light 
)e  totally  reflected  at  all  angles  of  incidence.  No  such 
,ve  been  observed.     Values  of  n^  in  which  the  coefB- 
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cient  of  e  is  negative,  indicate  media  in  which  light  is  ab- 
sorbed. Values  in  which  the  coefficient  of  t  is  positive  would 
represent  media  in  which  the  opposite  phenomenon  took  place.* 

It  is  no  part  of  the  object  of  this  paper  to  go  into  the  de- 
tails by  which  we  may  derive,  so  far  as  observable  phenomena 
are  concerned,  Fresnel's  law  of  double  refraction  for  tranfipar- 
ent  bodies,  afi  well  as  the  more  general  law  of  the  same  cnar- 
acter  which  relates  to  aeolotropic  bodies  of  more  or  less  opa^ 
ity,  and  which  differs  from  Fresnel's  only  in  that  certain 
quantities  become  complex,  or  Fresnel's  laws  for  the  intensi- 
ties of  reflected  and  refracted  light  at  the  boundary  of  trans- 
parent isotropic  media,  with  the  more  general  laws  for  the 
case  of  bodies  aeolotropic  or  opaque  or  both.  The  principal 
cases  have  already  been  discussea  on  the  new  elastic  theory  iD  the 
Philosophical  Magazine\  and  a  farther  discussion  is  promised. 
For  the  electrical  theory,  the  case  of  double  refraction  in  per- 
fectly transparent  media  has  been  discussed  quite  in  detail  in 
this  Journal,  J  and  the  intensities  of  reflected  and  refracted 
light  have  been  abundantly  deduced  from  the  above  conditions 
by  various  authors.§  So  far  as  all  these  laws  are  concerned, 
the  object  of  this  paper  will  be  attained,  if  it  has  been  made 
clear,  that  the  two  theories,  in  their  extreme  cases,  give  iden- 
tical results.  The  greater  or  less  degree  of  elegance,  or  com- 
pleteness, or  perspicuity,  with  which  these  laws  may  be  devel- 
oped by  different  authors,  should  weigh  nothing  m  favor  of 
either  theory. 

The  non-magnetic  rotation  of  the  plane  of  polarization, 
with  the  allied  phenomena  in  aeolotropic  bodies,  lie  in  a  cer- 
tain sense  outside  of  the  above  laws,  as  depending  on  minute 
quantities  which  have  been  neglected  in  this  discussion.  The 
manner  in  which  these  minute  quantities  affect  the  equatioM 
of  motion  on  the  electrical  theory  has  been  shown  in  a  former 
paper,!  where  these  phenomena  in  transparent  bodies  are  , 
treated  quite  at  length.  For  the  new  theory,  a  discussion  of 
this  subject  is  promised  by  Mr.  Glazebrook. 

But  the  magnetic  rotation  of  the  plane  of  polarization,  with 
the  allied  phenomena  when  an  aeolotropic  body  is  subjected  to 
magnetic  influence,  fall  entirely  within  the  scope  of  the  above 
equations  and  surface  conditions.      The  characteristic  of  this 

*  But  L  might  have  been  introduced  into  the  equations  in  such  a  way  that  i 
positive  coefficient  in  the  value  of  n^  would  indicate  absorption,  and  a  oegativ* 
coefficient  the  impossible  case. 

!Sir  William  Thomson,  loc.  citat.     R.  T.  Glazebrook,  loc.  cUat. 
Vol.  xxiil  p.  262. 
§  Loreniz,  Schlomilch's  Zeitschrift,  vol.  xxii,  pp.  1-30  and  206-219;  iroL  xxin, 
pp.  197-210;  Fitzgerald,  Phil.  Trans.,  vol.  clxxi,  p.  691  ;  J.  J^  Thomson,  PhiL 
Mag.  (Y),  vol.  ix,  p.  284;   Uayleigh,  Phil.  Mag.  (V),  vol.  xii,  p.  81.     Olaasebrook, 
Proc.  Canlbr.  Phil.  Soc,  vol.  iv,  p.  155. 
I  This  Journal,  vol  xxiii,  p.  460. 
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le  is  that  W  and  0  are  not  self-conniffate.*  This  is  what  we 
ght  expect  on  the  electric  theory*^ from  the  experiments  of 
r.  Hall,  which  show  that  the  operators  expressing  the  relation 
tween  electro-motive  force  and  current  are  not  in  general 
If-conjngate  in  this  case. 

hi  the  preceding  comparison,  we  have  considered  only  the 
niting  cases  of  the  two  theories.  With  respect  to  the  sense 
which  the  limiting  case  is  admissible,  the  two  theories  do 
)t  stand  on  quite  the  same  footing.  In  the  electric  theory,  or 
any  in  which  the  velocity  of  the  missing  wave  is  very  great, 
we  are  satisfied  that  the  compressibility  is  so  small  as  to  pro- 
ice  no  appreciable  results,  we  may  set  it  equal  to  zero  in  our 
athematical  theory,  even  if  we  do  not  regard  this  as  express- 
g  the  actual  facts  with  absolute  accuracy.  But  the  case  is 
)t  80  simple  with  an  elastic  theory  in  which  the  forces  resist- 
g  certain  kinds  of  motion  vanish,  so  far,  at  least,  as  they  are 
•oportional  to  the  strains.  The  first  requisite  for  any  sort  of 
)tical  theory  is  that  the  forces  shall  be  proportional  to  the 
splacements.  This  is  easily  obtained  in  general  by  supposing 
e  displacements  very  small.  But  if  the  resistance  to  one 
Dd  ojt  distortion  vanishes,  there  will  be  a  tendency  for  this 
nd  of  distortion  to  appear  at  some  places  in  an  exaggerated 
nn,  and  even  to  an  infinite  degree,  however  small  the  dis- 
acements  may  be  in  other  parts  of  the  field.  In  the  case  he- 
re 08,  if  we  suppose  the  velocity  of  the  missing  wave  to  be 
«olutely  zero,  there  will  be  infinite  condensations  and  rare- 
etions  at  a  surface  where  ordinary  waves  are  refiected.  That 
a  certain  volume  of  ether  will  be  condensed  to  a  surface, 
d  vice  versd.  This  prevents  any  treatment  of  the  extreme 
3e,  which  is  at  once  simple  and  satisfactory.  The  diflSculty 
8  been  noticed  by  Sir  William  Thomson,  who  observes  that 
may  be  avoided  if  we  suppose  the  displacements  infinitely 
lall  in  comparison  with  the  wave-length  of  the  wave  of  com- 
esaion.  This  implies  a  finite  velocity  tor  that  wave.  A  similar 
Bculty  would  probably  be  found  to  exist  (in  the  extreme 
3e)  with  regard  to  the  deformation  of  the  ether  by  the  mole- 
les  of  ponderable  matter,  as  the  ether  oscillates  among  them, 
the  statical  resistance  to  irrotational  motions  is  zero,  it  is  not 
all  evident  that  the  statical  forces  evoked  by  the  disturbance 
used  by  the  molecules  would  be  proportional  to  the  motions. 
It  this  diflSculty  would  be  obviated  by  the  same  hypothesis 
the  first. 

These  circumstances  render  the  elastic  theory  somewhat  less 

•Dvenient  as  a  working  hypothesis  than  the  electria     They 

>  not  necessarily  involve  any  complication  of  the  equations 

optics.    For  it  may  still  be  possible  that  this  velocity  of  the 

*  See  this  Journal,  yoL  xxv,  p.  113. 
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missing  wave  is  so  small  that  the  quantities  on  which  it  de* 
pends  may  be  set  equal  to  zero  in  the  equations  which  repre- 
sent the  phenomena  of  optics.  Bat  the  mental  processes  bj 
which  we  satisfy  ourselves  of  the  validity  of  our  results  (if  we 
do  not  work  out  the  whole  problem  in  the  general  case  of  no 
assumption  in  regard  to  the  velocity  of  the  missing  wave)  cer- 
tainly involve  conceptions  of  a  higher  degree  of  diflSculty  on 
account  of  the  circumstances  mentioned.  I^erhaps  this  ought 
not  to  affect  our  judgment  with  respect  to  the  question  of  the 
truth  of  the  hypothesis. 

Although  the  two  theories  give  laws  of  exactly  the  same 
form  for  monochromatic  light  in  the  limiting  case,  their  devi- 
ations from  this  limit  are  m  opposite  directions,  so  that  if  the 
phenomena  of  optics  differed  in  any  marked  degree  from  what 
we  would  have  in  the  limiting  case,  it  would  be  easy  to  find 
an  experimentum  crude  to  decide  between  the  two  theories 
A  little  consideration  will  make  it  evident,  that  when  the  prin- 
cipal indices  of  refraction  of  a  crystal  are  given,  the  intOT»- 
diate  values  for  oblique  wave-planes  will  be  less  if  the  velod^ 
of  the  missing  wave  is  small  but  finite,  than  if  it  is  infinitesi- 
mal, and  will  be  greater  if  the  velocity  of  the  missing  wave 
is  very  great  but  nnite  than  if  it  is  infinite.*  Hence,  if  the 
velocity  of  the  missing  wave  is  small  but  finite,  the  interme- 
diate values  of  the  indices  of  refraction  will  be  less  than  art 
given  by  Fresnel's  law,  but  if  the  velocity  of  the  missing 
wave  is  very  great  but  finite,  the  intermediate  values  of  the 
indices  of  refraction  will  be  greater  than  are  given  by  Fres- 
nel's law.  But  the  recent  experiments  of  Professor  Hastings 
on  the  law  of  double  refraction  in  Iceland  spar  do  not  encour- 
age us  to  look  in  this  direction  for  the  decision  of  the  ques- 
tion.f 

In  a  simple  train  of  waves  in  a  transparent  medium,  the  po- 
tential energy,  on  the  elastic  theory,  may  be  divided  into  two 
parts,  of  which  one  is  due  to  that  general  deformation  of  the 
ether  which  is  represented  by  the  equations  of  wave-motioo» 
and  the  other  to  those  deformations  which  are  caused  by  the 
interference  of  the  ponderable  particles  with"  the  wave^aaotion, 
and  to  such  displacements  of  the  ponderable  matter  as  maj 
be  caused,  in  some  cases  at  least,  by  the  motion  of  the  eflitf^ 
If  we  write  h  for  the  amplitude,  I  for  the  wave-length,  and 
p  for  the  period,  these  two  parts  of  the  statical  energy  (eifr 

*  This  may  be  more  clear  if  we  consider  the  stationary  waves  formed  bytf» 
trains  of  waves  moving  in  opposite  directious.  The  case  then  comes  mdertin 
following  theorem : 

''  If  the  system  undergo  such  a  change  that  the  potential  energy  of  a  giveaooi* 
figuration  is  diminished,  while  the  kinetic  energy  of  a  given  motion  is  unattaftit 
the  periods  of  the  free  vibrations  are  all  increased,  and  OQHTersely."  See  Loi^ 
Rayleigh's  Theory  of  Sounds  vol.  i,  p.  85. 

f  This  Journal,  vol.  xxziii,  p.  60. 
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mtted  per  nnit  of  volume  for  a  space  including  many  wave- 
leDgths)  may  be  represented  respectively  by 

i^^i*  and   *i*. 

r  4 

The  8Dia  of  these  may  be  equated  to  the  kinetic  energy,  giving 
an  equation  of  the  form 

B  is  an  absolute  constant  (the  rigidity  of  the  ether,  previ- 
oudy  represented  by  the  same  letter),  A'  and  b  will  be  constant 
(for  the  same  medium  and  the  same  direction  of  the  wave- 
ikoraud)  except  so  far  as  the  type  of  the  motion  changes,  i.  e.^ 
except  so  far  as  the  manner  in  which  the  motion  of  me  ether 
distnbutes  itself  between  the  ponderable  molecules,  and  the 
degree  in  which  these  take  part  in  the  motion,  may  undergo  a 
diimge.  When  the  period  of  vibration  varies,  the  type  of  mo- 
tion win  vary  more  or  less,  and  A'  and  h  wUl  vary  more  or  lesa 
In  a  manner  entirely  analogous,*  the  kinetic  energy,  on  the 
electrical  theory,  may  be  divided  into  two  parts,  of*  which  one 
ifl  dne  to  those  general  fluxes  which  are  represented  by  the 
equations  of  wave-motions,  and  the  other  to  those  irregularities 
in  the  fluxes  which  are  caused  by  the  presence  of  the  ponder- 
d)Ie  molecules,  as  well  as  to  such  motions  of  the  ponderaole  par- 
ticles themselves,  as  may  sometimes  occur.  These  parts  of  the 
kinetic  energy  may  be  represented  respectively  by 

^^  and    <t^\ 
P  P 

Their  sum  equated  to  the  potential  energy  gives 

5—   +    -V-  =   •  (25) 

Here  F  is  the  constant  of  electrodynamic  induction,  which 
J«  nnity  if  we  use  the  electromagnetic  system  of  units,  y*  and  Ot 
(like  A'  and  h)  vary  only  so  far  as  the  type  of  motion  varies. 

We  have  the  means  of  forming  a  very  exact  numerical  esti- 
mate of  the  ratio  of  the  two  parts  into  which  the  statical  en- 
®rgy  is  thus  divided  on  the  elastic  theory,  or  the  kinetic  en- 

357  on  the  electric  theory.  The  means  for  this  estimate  is 
orded  by  the  principle  that  the  period  of  a  natural  vibration 
^B  stationary  when  its  type  is  innnitesimally  altered  by  any 
oonstraint.t  Let  us  consider  a  case  of  simple  wave  motion, 
*nd  suppose  the  period  to  be  inflnitesimally  varied,  the  wave- 

^  See  this  Journal,  vol.  xzii,  p.  262. 

f  See  Lord  Rayleigh's  Theory  of  Sound,  vol.  i,  p.  84.    The  application  of  the 
iriociple  is  most  simple  in  the  case  of  stationary  waves. 
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length  will  also  vary,  and  presumably  to  some  extent  the  tfpe 
of  vibration.  But,  by  the  principle  just  stated,  if  the  ether  or 
the  electricity  could  be  constrained  to  vibrate  in  the  origiMl 
type,  the  variations  of  I  and  p  would  be  the  same  as  io  the 
actual  case.  Therefore,  in  finding  the  differential  equation  be- 
tween I  and  jf?,  we  may  treat  h  and  A'  in  (24)  and  f  and  Gin 
(25)  as  constant,  as  well  as  B  and  F.  These  equations  maybe 
written 

47r«B^   +  hf  =  47r>A', 


Differentiating,  we  get 


P  P 


7rFef^=-^!/'^(/>-*); 
P 
or 

.   '     4;r«B  ^d\og^=^  -bp'd log/>*, 

7rF-^^log-^=-^^log/>-«. 
P  P  P 

Hence,  if  we  write  V  for  the  wave-velocity  (Z/j?),  n  for  tie 
index  of  refraction,  and  I  for  the  wave-length  tn  vacuOy  W8 
have  for  the  ratio  of  the  two  parts  into  which  we  have  dividrf 
the  potential  energy  on  the  elastic  theory, 

4      '        P  d\og  p  d\og\' 

and  for  the  ratio  of  the  two  parts  into  which  we  have  divided 
the  kinetic  energy  on  the  electrical  theory, 

^j/^  ^    ttFW  _  d  log  V    ^    _   d  log  n  .^^j 

p*  p^  d  log  p  d  log  A* 

It  is  interesting  to  see  that  these  ratios  have  the  same  vilnfc 
This  value  may  be  expressed  in  another  form,  which  is  sof 

festive  of  some  important  relations.     If  we  write  U  for  whit 
tord  Rayleigh  has  called  the  velocity  of  a  group  of  waves,* 

U    _   J  __    d\o^Y 
V    "~  d\ogl' 

d\ogY  ^  Y-U 
J  log/  V     ' 

d\ogY  ^  V-U  .jgv 

o?log;;  U     '  ^    ' 

*  See  his  Noie  on  Progressive  Waves^  Proc.  Lond.  Math.  Soa,  vol.  Ix,  Na  Itti 
reprinted  in  his  Theory  of  Sound,  vol.  il,  p.  297. 
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.ppears,  therefore,  that  in  the  elastic  theory  that  part  of 
potential  energy  which  depends  on  the  deformation  ex- 
sed  by  the  equations  of  wave-motion,  bears  to  the  whole 
intial  energy  the  same  ratio  which  the  velocity  of  a  group 
vaves  bears  to  the  wave-velocity.     In  the  electrical  theory, 

part  of  the  kinetic  energy  which  depends  on  the  motions 
ressed  by  the  equations  or  wave-motion  bears  to  the  whole 
iticener^  the  lame  ratio. 

Returning  to  the  consideration  of  equations  (26)  and  (27),  we 
jrve  that  in  transparent  bodies  the  last  member  of  these 
itions  represents  a  quantity  which  is  small  compared  with 
at  least  in  the  visible  spectrum,  and  diminisnes  rapidly 

e  wave-length  increases.  This  is  just  what  we  should 
Bct  of  the  first  member  of  equation  (27).  But  when  we 
I  to  equation  (26),  which  relates  to  the  elastic  theory,  the 

is  entirely  different.  The  fact  that  the  kinetic  energy  is 
Bted  by  the  presence  of  the  ponderable  matter,  and  affected 
3rently  in  different  directions,  shows  that  the  motion  of  the 
jr  is  considerably  modified.  This  implies  a  distortion,  su- 
30sed  upon  the  distortion  representea  by  the  equations  of 
e-motion,  and  very  much  greater,  since  the  body  is  very 
-grained  as  measured  by  a  wave-length.  With  any  other 
of  elasticity,  we  should  suppose  that  the  energy  of  this 
3rposed  distortion  would  enormously  exceed  that  of  the 
liar  distortion  represented  by  the  equations  of  wave- 
ion.  But  it  is  the  peculiarity  of  this  new  law  of  elasticity 
;  there  is  one  kind  of  distortion,  of  which  the  energy  is 
jT  small,  and  which  is  therefore  peculiarly  likely  to  occur. 
V  if  we  can  suppose  the  distortion  caused  by  the  ponder- 
I  molecules  to  be  almost  entirely  of  this  kind,  we  may  be 
J  to  account  for  the  smallness  of  its  energy.     We  should 

expect  the  first  member  of  (26)  to  increase  with  the  wave- 
fth,  on  account  of  the  factor  ^,  instead  of  diminishing,  as 

last  member  of  the  equation  shows  that  it  does.  We  are 
ged  to  suppose  that  J,  and  therefore  the  type  of  the  vibra- 
8,  varies  very  rapidly  with  the  wave-lengtn,  even  in  those 
«  which  appear  fartnest  removed  from  anything  like  selec- 

absorption. 

he  electrical  theory  furnishes  a  relation  between  the  re- 
tive  power  of  a  body  and  its  specific  dielectric  capacity, 
ch  is  commonly  expressed  by  saymg  that  the  latter  is  equal 
be  square  of  the  index  of  refraction  for  waves  of  infinite 
:th.  No  objection  can  be  made  to  this  statement,  but  the 
t  uncertainty  in  determining  the  index  for  waves  of  in- 
e  length  by  extrapolation  prevents  it  from  furnishing  any 
rigorous  test  of  the  theory.  Yet,  as  the  results  of  extra- 
tion  in  some  cases  agree  strikingly  with  the  specific  dielec- 
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trie  capacity,  although  in  other  cases  they  are  quite  different, 
the  correspondence  is  generally  reffardea  as  corroborative,  in 
some  degree,  of  the  theory.  Bnt  the  relation  between  re&ac- 
tive  power  and  dielectric  capacity  may  be  expressed  in  a  form 
whicn  will  furnish  a  more  rigorous  test,  as  not  involviog  ei- 
trapolation.  , 

We  have  seen  on  page  140  how  we  may  determine  numeri- 
cally the  ratio  of  the  two  first  terms  of  equation  (251  We 
thus  easily  get  the  ratio  of  the  first  and  last  term,  whicui  gifffi 

4     "■   rflogA      />•    •  ^  ' 

In  the  corresponding  equation  for  a  train  of  waves  of  the  sanie 
amplitude  and  period  in  vacuo^  I  becomes  Jl,  F  remains  tb 
same  and  for  G  we  may  write  G'.     This  gives  ■ 

G'h'         TtFX'h'  ,.,, 


Dividing,  we  get 

G    __  d\og  I    P    _  d(P) 


(81) 


G'   ~  eflogA    A*    "■   rf(A'y 

Now  G'  is  the  dielectric  elasticity  of  pure  ether.  If  K  i 
the  specific  dielectric  capacity  of  the  body  which  we  are  coo- 
sidenng,  G'/K  is  the  dielectric  elasticity  or  the  body  ^d  G'/iK 
is  the  potential  energy  of  the  body  (per  unit  of  volume),  iw 
to  a  unit  of  ordinary  electrostatic  displacement  ButGA*/^ 
is  the  potential  energy  in  a  train  of  waves  of  amplitade^ 
Since  the  average  square  of  the  displacement  is  Ay2,  the  po- 
tential energy  of  a  unit  displacement  such  as  occurs  in  a  tiVB 
of  waves  is  G/2.  Now  in  the  electrostatic  experiment  thediH 
placement  distributes  itself  among  the  molecules  so  as  to  nub 
the  energy  a  minimum.  But  in  the  case  of  light  the  distrikS' 
tion  of  the  displacement  is  not  determined  entirely  by  statiflil 
considerations.     Hence 


^  =    G' 


and 


^  =  d{n'  ^^'' 

It  is  to  be  observed  that  if  we  should  assume  for  a  disperrioft- 
formula 


JLigkt  and  the  Theory  of  a  Qtmsirlabile  Ether,        148 

i  a,  Vhich  is  the  square  of  the  index  of  refraction  for  an  infi- 
Lte  wave-length,  wonld  be  identical  with  the  second  member 
i  (88). 
Another  similarity  between  the  electrical  and  optical  proper- 
ies  of  bodies  consists  in  the  relation  between  conductivity 
ind  opacity.  Bodies  in  which  electrical  flaxes  are  attended 
irith  absorption  of  energy  absorb  likewise  the  energy  of  the 
motions  which  constitute  light.  This  is  strikingly  true  of  the 
metalfi.  But  the  analogy  does  not  stop  here.  To  fix  our  ideas, 
let  us  consider  the  case  of  an  isotropic  body  and  circularly  po- 
larized light,  which  is  geometrically  the  simplest  case,  although 
its  analytical  expression  is  not  so  simple  as  that  of  plane-po- 
larized light.  The  displacement  at  any  point  may  be  symbolized 
by  the  rotation  of  a  point  in  a  circle.  The  external  force  nec- 
eseary  to  maintain  the  displacement  %  is  represented  by  n~'g. 
In  transparent  bodies,  for  which  nr^  is  a  positive  number,  the 
force  is  radial  and  in  the  direction  of  the  displacement,  being 
principally  employed  in  counterbalancing  the  dielectric  elas- 
ticity, which  tends  to  diminish  the  displacement.-  In  a  con- 
ductor rr*  becomes  complex;  which  indicates  a  component  of 

• 

the  force  in  the  direction  of  %^  that  is,  tangential  to  the  circle. 
This  is  only  the  analytical  expression  of  the  fact  above  men- 
tioned. But  there  is  another  optical  peculiarity  of  metals, 
which  has  caused  much  remark,  viz :  that  the  real  part  of  n* 
(and  therefore  of  7i~*)  is  negative,  i.  e.,  the  radial  component 
of  the  force  is  directed  towards  the  center.  This  inwardly 
directed  force,  which  evideiitly  opposes  the  electrodynamic  in- 
duction of  the  irregular  part  of  tne  motion,  is  small  compared 
with  the  outward  force  which  is  found  in  transparent  bodies, 
hut  increases  rapidly  as  the  period  diminishes.  We  may  say, 
therefore,  that  metals  exhibit  a  second  optical  peculiarity, — 
that  the  dielectric  elasticity  is  not  prominent  as  in  transparent 
hodies.  This  is  like  the  electrical  behavior  of  the  metals,  in 
which  we  do  not  observe  any  elastic  resistance  to  the  motion 
of  electricity.  We  see,  therefore,  that  the  complex  indices  of 
Dietals,  both  in  the  real  and  the  imaginary  part  of  their  in- 
verse squares,  exhibit  properties  corresponding  to  the  electri- 
^  behavior  of  the  metals. 

The  case  is  quite  different  in  the  elastic  theory.     Here  the 
force  from  outside  necessary  to  maintain  in  any  element  of 

volume  the  displacement  S  is  represented  by  n*ffi.  In  trans- 
P^nt  bodies,  therefore,  it  is  directed  toward  the  center.     In 

• 

Petals,  there  is  a  component  in  the  direction  of  the  motion  ®, 
while  the  radial  part  of  the  force  changes  its  direction  and  is 
often  many  times  greater  than  the  opposite  force  in  transpar- 
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eiit  bodies.  This  indicates  that  in  metals  the  displaceme'nt  of 
the  ether  is  resisted  by  a  strong  elastic  force,  quite  enormous 
compared  to  anything  of  the  kind  in  transparent  bodies,  where 
it  indeed  exists,  but  is  so  small  that  it  has  been  neglected  hv 
most  writers,  except  when  treating  of  dispersion.  We  can 
make  these  suppositions,  but  they  do  not  correspond  to  any- 
thing which  we  know  independently  of  optical  experiment 

It  is  evident  that  the  electrical  theory  of  light  has  a  serioas 
rival,'in  a  sense  in  which,  perhaps,  one  did  not  exist  before  the 

fmblication  of  Sir  William  Thomson's  paper  in  November 
ast.*  Nevertheless,  neither  surprise  at  the  results  which 
have  been  achieved,  nor  admiration  for  that  happy  andacitr 
of  genius,  which,  seeking  the  solution  of  the  problem  predfiely 
where  no  one  else  would  have  ventured  to  look  for  it,  has 
turned  half  a  century  of  defeat  into  victory,  should  blind  us 
to  the  actual  state  of  the  question. 

It  may  still  be  said  for  the  electrical  theory,  that  it  is  not 
obliged  to  invent  hypotheses,f  but  only  to  apply  the  laws  for- 
nished  by  the  science  of  electricity,  and  that  it  is  difficult  to 
account  for  the  coincidences  between  the  electrical  and  opti- 
cal  properties  of  media,   unless  we  regard  the  motions  of 
light  as   electrical.      But  if  the  electrical  character  of  light 
is  conceded,  the  optical  problem  is  very  different  from  any- 
thing which  existea  in  the  time  of  Fresnel,  Cauchy,  and  Gre^ 
The  third  wave,  for  example,  is  no  longer  somethmg  to  be  got- 
ten rid  of  quocunqtce  modo^  but  something  whicn  we  must 
dispose  of  m  accordance  with  the  laws  of  electricity.    This 
would  seem  to  rule  out  the  possibility  of  a  relatively  small 
velocity  for  the  third  wave. 

*  "  Since  the  first  publication  of  Cauchy's  work  on  the  subject  in  1830,  and  of 
Green's  in  1837,  many  attempts  have  been  made  by  many  workers  to  find  a  (If* 
namical  foundation  for  FresneVs  laws  of  reflexion  and  refraction  of  ligb^  tat 
all  hitherto  ineffectually.''    Sir  William  Thomson,  loc.  citat, 

"  So  far  as  I  am  aware,  the  electric  theory  of  Maxwell  is  the  only  one  aatial^' 
ing  these  conditions  [of  explaining  at  once  Fresnel's  laws  of  double  refractioi 
in  crystals  and  those  governing  the  intensity  of  reflexion  when  light  pasitf 
from  one  isotropic  medium  to  another]."  Lord  Rayleigh,  PIUL  Mag,,  Septn* 
ber,  1888. 

t  Electrical  motions  in  air,  since  the  recent  experiments  of  Professor  Hertti 
seem  to  be  no  longer  a  matter  of  hypothesis.     We  can  hardly  suppose  thai  U» 
case  is  essentially  different  with  the  so-called  vacuum.     The  theorem  that  tbe 
electrical  motions  of  light  are  solenoidal,  although  it  is  convenient  to  aivuDB 
it  as  a  hypothesis  and  sliow  that  the  results  agree  with  experiment,  need  not  o^ 
cupy  any  such  fundamental  position  in  the  theory.     It  is  in  fact  only  anothff 
way  of  saying  that  two  of  the  constants  of  electrical  science  have  a  oertaia  ntio 
(infinity).     It  would  be  easy  to  commence  without  assuming  this  value,  and  tft 
show  in  the  course  of  the  development  of  the  subject  that  experiment  reqnim 
it,  not  of  course  as  an  abstract  proposition,  but  in  the  sense  in  which  experiment 
cau  bo  said  ^  require  any  values  of  any  constants,  that  is,  to  a  certain  degree  ol 
approximation. 
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r.  XVII. — The  Oeology  of  Fernando  de  Noror*ha,     Part  I ; 
by  John  C.  Branner.    With  a  map,  Plate  V. 

'he  island  of  Fernando  de  Noronha  has  never  attracted 
3h  attention,  owing  to  its  small  area,  its  watot  of  commercial 
)ortance,  and  its  somewhat  forbidding  character  2&  a  land- 

place,  and  partly  also  to  its  hav^inff  long  been  used  2&  a 
56  of  exile  and  punishment  for  criminals.  Prior  to  the 
t  of  the  writer  the  geologic  observations  made  upon  the 
nd  of  Fernando  were  very  few ;  the  only  ones  worthy  of 
ecial  notice  being  those  of  Charles  Darwin  in  1832,  made 
lie  on  the  voyage  of  the  Beagle  and  published  in  his  Geo- 
ical  Observations  in  1844,  and  a  few  observations  made, 
ig  with  the  collection  of  specimens,  when  the  Challenger 
ched  here  in  1873.  A  careful  survey  would  have  been 
ie  by  the  Challenger  party  had  permission  been  given  by 

Brazilian  officers  in  charge ;  but  owing  to  the  care  exer- 
id  in  the  supervision  of  the  convicts  and  to  a  misapprehen- 
1  of  the  objects  of  the  survey,  this  permission  was  unfortu- 
ely  withheld. 

D  1876  I  visited  Fernando  as  a  member  of  the  Imperial 
dogical  Survey  of  Brazil,  and  the  following  brief  notes  are 
first  to  be  published  giving  any  of  the  results  of  my  obser- 
ions  upon  its  geology. 
Tith  the  accompanying  map  the  reader  will  scarcely  need 

observations  upon  the  geography  of  this  group  of  islands, 
le  the  illustrations  will  convey  a  sufficiently  clear  idea  of 
surface  features  of  the  place  to  dispense  with  detailed  de- 
ptions  of  topography. 

he  form  of  the  ocean's  bottom  around  this  island,  however, 
'orthy  of  note  as  indicating  the  relations  of  the  group  to 
3r  islands  and  to  the  Brazilian  mainland.  For  the  facts 
ring  upon  this  subject  we  are  indebted  to  the  deep-sea 
adings  of  the  Challenger  expedition.  It  was  formerly  sup- 
3d  that  Fernando  was  simply  tlie  original  northeastern 
•emity  of  the  South  American  continent,  now  separated 
n  Cape  St.  Roque  by  a  shallow  channel.  The  deep  sea 
Qdings  have  shown,  however,  that  the  Fernando  group  is  an 
ated  one,  and  that  the  channels  separating  it  from  the 
lag,  from  St.  Paul's  Rock  and  from  the  Brazilian  mainland, 

profound  ones.     The  channel  between  Fernando  and  St. 

it's  Rock  is  more  than  14,000  feet  deep,  while  between  Fer- 

ido  and  the  Brazilian  mainland  the  depth  is  over  13,000 

t.    To  the  northeast,  six  miles  from  the  island,  the  sound 
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ings  show  a  depth  of  more  than  6,000  feet,  while  to  the  so 
east,  at  the  same  distance,  the  depth  is  3150  feet,  and  at  twi 
miles,  4920  feet.  This  groi^p  of  islands,  therefore,  ] 
abruptly  from  the  ocean's  floor.  The  currents  and  surf 
strike  it  from  the  east  are  unchecked  by  shallows  on  that  i 
so  that  it  receives  the  full  force  of  the  waves  and  is  cc 
qnently  being  cift  away  at  a  rapid  rate. 

The  island  is  of  volcanic  origin,  there  being  no  sedimeD 
rocks  upon  it.  The  volcano  which  once  existed  here  ce 
action  long  ago,  and  the  powerful  surf  which  constantly  I 
upon  the  island  has  since  cut  away  the  cone,  and  is  now 
diminishing  the  remnants  of  the  original  island.  Morec 
the  usual  cliemical  processes  of  disintegration,  hastened 
deepened  here  by  a  very  great  precipitation  falling  upon  r 
highly  heated  by  exposure  to  a  tropical  sun,  lias  covered 
interior  of  the  island  witli  a  deep  soil  mingled  with  rock  i 
ment  wliich,  together,  obscure  tlie  geological  details  over 
main  body  of  the  island.  Its  original  lofty  central  portion 
gradually  yielded  to  these  disintegrating  influences  till  only 
great  Peak  and  its  smaller  companions  remain  to  sus^gest 
former  elevation  of  the  group.  A  large  portion  of  tl^  igl 
is  now  under  cultivation,  and  the  loose  blocks,  which  mi 
otherwise  have  been  of  some  service  in  suggesting,  at  least, 
distribution  of  the  rocks,  have  been  gathered  from  the  fi 
and  built  up  in  stacks  or  stone  walls,  or  used  to  make  roadi 
houses.  The  lands  that  formerly  sloped  at  a  low  angle  into 
sea  Iiave  been  encroached  upon,  cut  down  and  swept  awaj 
tlie  ocean  currents  until  the  island  is  now  walled  in  for 
most  part  by  high,  precipitous  cliffs  ;  the  ancient  sandy  bea( 
which  at  one  time  bordered  it«  southeastern  shores,  and  wl 
were  probably  fringed  by  coral  reefs,  have  been  almost  c 
pletoly  obliterated.  The  more  rapid  destruction  along 
sliores  and  the  slower  weathering  of  the  interior  brings 
cK>«50  proximity  two  tojx^graphic  types,  and  almost  any  v 
which  includes  lK)th  shore  and  inland  topography  shows 
more  ffracoful  linos  of  the  old  topography  in  strong  cont 
with  tiic  newer,  bolder,  and  more  angular  cliffs  and  esc 
monts  made  bv  the  steady  encroachments  of  the  sea  upon 
land. 

Tlio  best,  and  alnu>8t  the  only,  good  rock  exposures  are  al 
tlie  shon»s :  but  many  of  these  are  difficult  or  impossible 
ac<»ess  o\\  account  of  t'lio  lack  of  Ix^ating  facilities  at  the  isk 
and  lu»cau8c  of  the  violent  surf  which  so  generally  prevails. 
a<ldition,  the  rocks  an*  Si>  broken,  faulted,  and  tlm>wn  into  ( 
fusion,  that  it  must  bo  confessed  my  study  of  the  place  was 
fn>m  satisfactory.  I  endeavored  especially  to  ooDBtract 
accurate  map  o/  the  island,  and  to  collect  typical  loek  sp 
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mens.  The  resnlui  of  these  endeavore  are  to  be  seen  in  tk 
map  published  her* with — which  does  not  differ  materially  from 
the  French  map  published  in  l!i73— and  in  the  petrographic 
work  kindlv  done  bv  Dr.  Gei^nre  H.  Williams  Tne  drawiags 
are  made  frrim  sketches  and  f»hotographs  taken  by  the  writer. 
Unfortunately  the  dry,  sensitive  plates  so  univer^llv  and  snc- 
cessf ully  used  nowadays  for  photographv  were  not  tten  to  be 
had,  and  the  clumpy  apjiaratus  I  was  obliged  to  use  prevented 
my  obtaining  .s>me  very  desirable  views. 

The  work  which  lias  hitherto  been  done  upon  the  rocks  of 
Femandft  will  1^  referreJ  to  by  Dr.  Williams  in  his  part  of  the 
present  paper.  1  wish  to  add,  h^^wever,  that  the  statemeDt 
made  by  Dr.  Alexander  Rattray*  to  the  effect  that  granite 
forms  part  of  the  i)eak  and  of  "  other  hills,  headlands  and 
rocks  *'  is  erroneous.  There  is  no  granite  on  the  island,  eo  far 
as  I  was  able  to  discover. 

Ainph'tholr-trarhyU  occurs  at  the  l>ase  of  Atalaia  Grande 
and  to  the  west  of  it.  The  l>eds  from  which  the  specimen 
(No.  1«»)  was  taken  are  soft  and  appear  to  be  decaying  rapidly 
The  exposure  has  a  northeast  and  southwest  trend  at  tnis  place. 
The  same  kind  of  nx*k  (No.  121)  occurs  on  the  east  side  and 
about  the  base  of  the  Morro  Francez  where  it  is  traTereed  bv 
dykes  of  hornblende-augite  trachyte  (?)  (Xo.  129^.  The  eoft 
whitish  and  cream-colored  amphibole-trachyte  which  occon?  at 
the  bases  of  some  of  the  liills  and  notably  about  Atalaia  Grande 
is  called  ta^id  by  many  of  the  inhabitants.  This  is  a  Tupi  word 
however,  meaninir  clay,  and  is  the  one  given  on  the  Brarilian 
mainland  to  clays  oi  any  kind,  and  is  doubtless  applied  to  the^e 
ir^)i\  rocks  on  account  of  their  slight  resemblance  to  hard  clav^ 

Ilyalotrachytt  occurs  in  several  places.  The  principal  locali- 
ties are  between  the  mouth  of  the  stream  flowing  into  the 
I>ahia  do  Sueste  and  the  old  Fortaleza  dos  Leoes,  The  rock 
(No.  19)  is  white  and  alnn.»st  as  soft  as  chalk,  and  breaks  into 
irre<rular  lumps.  Here  and  there  through  the  mass  are  lead* 
colr»red  patches.  It  is  supposed  by  the  i>eople  on  the  island  to 
be  kaolin,  and  samples  i»f  it  are  said  to  have  been  taken  to 
Europe  to  be  tested  for  the  manufacture  of  poreelain. 

PhoiioUit. — M<»st  of  the  isolated  topograpnic  prominences  Id 
the  easteni  portion  of  the  island,  with  the  exception  of  the 
Morro  Francez,  are  composed  either  wholly  or  principally  <rf 

!>honolite,  while  its  lower  elevations  are  of  some  variety  w 
)asalt,  loose  fragments  of  nepheline-dolerite  being  of  frequent 
occurrence  a])out  the  fields  on  the  plateau  above  the  villagC' 
These  prominences  are  the  Peak  and  the  southwestern  prolo^f 
ation  of  the  hill  from  which  it  rises,  the  Pedra  da  Conceif«<^ 

*  Jour.  Roy.  Geog.  Soc,  vol.  xlii,  1872,  p.  43. 
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a  small  peoiDsala  northeast  of  the  village,  the  Sella  a  Oineta,* 
the  summit  and  southeast  face  of  Atalaia  Grande  down  to  the 
water's  ed^  and  to  all  appearances  the  Alatainha  or  Atalaia 
Piqnena,  and  the  Morro  do  Sneste,  No  phonolite  was  fonnd 
in  the  western  portion  of  the  island.  In  all  cases,  excepting 
that  of  the  Pedra  da  Conceigao,  these  plionolites  have  the 
appearance  of  having  heen  injected  as  dykes  into  older  rocks. 


Phonolite  colamns  of  AUIsi 


They  seem  to  have  cooled  irregularly,  bnt  for  the  mostipart, 
from  the  sides.  The  older  and  more  soluble  sarrounding  rocks 
lave,  of  course,  been  removed  by  denudation.  Mr.  Darwin 
■■ys  of  such  masses  of  phonolite  that  they  have  probably  been 
.  lormed  by  "  the  injection  of  fluid  f  eldspatliic  lava  into  yielding 
J    •trata."f     In  all  tne  cases  mentioned  above,  the  rocks  have  a 

'Thii  iBlaad  was  not  visited  by  the  wnter.     As  aeen  from  Ilha  Haza  and  Illia 
'■pte,  itH  rodt  had  the  appearacce  ol  phonolite  and  was  so  r^arded.     The  eiam- 
plM  ooUeotod  by  the  Challenger  party  show  beyoad  queation  that  thia  aupposition 
""wrroct 
i  Qeological  Obserrationa,  second  edition  p.  iT. 
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columnar  stnicture  either  very  plainly  or  partially  developed. 
The  somewhat  irregular  columns  lie  for  the  most  part  horizon- 
tally,  as  is  well  shown  in  the  dyke  exposed  at  the  Horta  do 
Pico,  southwest  of  the  Peak.     On  the  southeast  side  of  the 
Atalaia  Grande  the  columns  are  nearly  horizontal,  with  a  tend- 
ency to  radiation  from  the  center  of  the  hill.     Specimen  No. 
6  is  from  the  nearly  horizontal  columns  of  phonolite  exposed 
on  the  southwest  side  of  the  Atalaia  Grande.     Similar  columns 
appear  to  form  the  whole  south  face  of  this  peak,  and  are  well 
exposed  neai*  its  base  where  they  are  washed  by  the  surf.    As 
the  peak  is  ascended  the  columns  have  a  northward  dip  which 
increases  toward  the  summit,   so  that  a  north-south   section 
through  the  Atalaia  Grande  would  expose  the  fan-like  radiation 
of  the  columns  above  mentioned.     The  preceding  cut,  from 
a  photograph  of  an  exposure  on  the  south  side  of  Atalaia 
Grande,  fig.  2,  illustrates  this  point.     No.  40  is  from  the  sum- 
mit of  Atalaia  Grande.     Nos.  41  and  42  are  from  a  looBC  block 
about  4x3x2  feet,  found  between  Atalaia  Grande  and  the 
Morro  do  Meio,  the  hill  lying  immediately  north  of  it.    This 
rock  was  not  found  in  place  on  the  island.     It  splits  readily 
into  slabs  Very  like  the  phonolites  from  the  Pedra  da  Conoei(ao. 
In  the  Sella  k  Gineta,  fig.  4,  the  columns,  of  phonolite  are  im- 
perfect and  vary  somewhat  in  direction.     Seen  from  Sao  Jose 
some  of  the  columns  curve  from  a  horizontal  position  on  the 
left  both  upward  and  downward  toward  the  right,  radiating 
from  a  horizontal  axis.     In  the  Peak  too,  the  direction  of  the 
columns  varies  in  some  cases  as  much  as  fifty  degrees.    The 
lowest  rocks  of  the  Peak  exposed  in  place  are  the  irregular  col 
umus  upon  its  eastern  side.     The  colums  are  here  very  nearlj 
vertical ;  but  higher  up  even  upon  this  side,  they  twist  and 
bend  to  tlie  northeast  and  thus  lorm  the  overhanging  projec- 
tion which    is  so  remarkable  a   feature  of    this  great  rock. 
The  curving  of   these  columns  prevents   the  falhug  of  the 
most  picturesque  part  of  the  Peak*     On  its  western  side  the 
columns  stand  at  various  angles  with  the  meridian,  and  usuallj 
at    a    high   angle  with    the    horizon.      Their    direction    and 
position,  as  well  as  the  character  of  the  rocks,  leads  to  tbe 
conclusion  that  the  Peak  is  part   of   a  great  dyke,  the  only 
remnants    of  which    now   exposed   are   tue    upper    portions 
of  the  Peak  itself,  and  the  columns  at  the  Horta  do  Pico, » 
short  distance  to  the  southwest.     Specimens  51,  52  and  88  are 
from  the  highest  accessible  part  of  the  Peak  on  its  southwest 

*  Mr.  Darwin  calls  attention  to  tho  disposition  of  phonolites  to  take  on  |r^ 
tesque  shapes.  (Geological  ObservatioDs,  second  cd.,  pp.  97-S).  On  Ferniodo 
these  grotesque  shapes  of  phonolite  peaks  are  due  to  columnar  structure  wfan 
the  axes  of  the  columns  change  their  directions.  For  a  discussion  of  the  coiriog 
and  radiating  of  columns  of  igneous  rocks  see  J.  P.  Iddings  in  Am.  Jour.  8cL,  MiTi 
1886,  and  Professor  T.  G.  Bonney  in  Quart.  Jour.  Geol.  JSoc.,  vol  xxxii,  1876. 
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ride.  The  rocks  of  the  summit  are  rudely  columnar  as  is  shown 
in  the  accompan^-ing  cut  The  ledge  just  northwest  of  the 
Horta  do  Pico,  fig.  3,  shows  the  columnar  structure  of  phono- 
lite  Ijctter  perhaps  than  any  otiier  exposure  upon  the  island. 
In  most  of  these  phonolites  tlie  metallic  sound  produced  by 
striking  with  a  hammer  is  very  marked,  especially  when  a 
somewhat  thin  slab  is  separated  from  the  mass.  From  thw 
peculiarity  the  Brazilians  frequently  call  this  rock  ^'  pedra  de 
toque,''  which  is  the  equivalent  of  our  word  "  clinkstone/' 

The  Peak  i.s  the  most  striking  landmark  in  the  South  Atlan- 
tic ocean  ;  it  is  IWO  feet  high,*  with  the  upper  portion  per- 
pendicular or  overhanging  in  such  a  manner  as  to  make  the 
summit  quite  inaccessible.  The  few  drawings  of  this  peak  that 
have  been  published  are  taken  from  the  same  point — the 
anchorage — ^and  even  the  best  of  them,  that  in  the  Challenger 
reT)orts,  conveys  but  a  poor  idea  of  its  grandeur.  Seen  from 
other  points  it  presents  a  striking  variety  of  outlines. 

It  would  be  interesting  to  know  whether  this  peak  had  un- 
dergone any  marked  changes  since  the  discovery  of  the  island 
in  1503,  but  unfortunately  we  have  no  detailed  description  of 
it  as  it  ap|)eared  at  that  time,  and  the  oldest  drawing,  that 
made  by  LUoa  in  1745,  is  clearly  too  imperfect  to  be  trust- 
worthy. It  is  evident,  however,  to  one  on  the  gronnd,  that  it 
is  being  slowly  thrown  down  under  the  combined  influence  of 
sun  and  rain  and  the  daily  changes  of  temperature.  Climbing 
up  the  accumulation  of  talus  that  slopes  down  fronoi  the  base  of 
the  solid  part  of  the  peak  to  the  seashore,  it  is  noticeable  that 
this  material,  loose  as  it  is,  stands  at  an  angle  of  nnstable  eaui- 
librium,  and  when  disturbed  in  any  way,  miniature  avalanciies 
of  loose  stones  slide  down  the  slope,  sometimes  a  hundred  feet 
or  more.  Wherever  this  debris  is  stable  there  is  snfBcient  Boil 
upon  it  to  support  vegetation  ;  and  it  is  thus  covered  heretnd 
there  with  small  tomato  plants  that  have  escaped  from  enltiTa- 
tion.  h\  many  places  it  was  noticed  that  tnese  plants  were 
freshly  })roken  and  bruised  l)y  fragments  that  had  fallen  from 
the  peak  above. 

From  top  to  bottom  two  great  joints  divide  the  Peak  into 
three  vertical  sections.  Into  these  crevices  fall  fragments  of 
stone,  which,  heated  and  expanded  during  the  day  by  the  pow- 
erful rays  of  the  sun,  and  cooled  and  contracted  by  the  cool  rains, 
or  at  night  by  radiation,  wedge  themselves  deeper  and  deeper 
into  the  crevices  and  thus  push  off  pieces  large  and  small 
Some  years  ago,  no  one  seemed  to  know  how  many,  the  litlk 
fort  near  the  base  of  the  peak  was  almost  con^letely  demol- 
ished by  a  great  mass  of  rock  that  fell  from  the  Peak  and  rolled 

*My  own  triangiilatioQ  makes  '\U  height  above   lidc   332    meterB.     MoodiM. 
gives  it  at  305  meters. 
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loping  base.  On  another  occaeion,  a  convict,  who 
garden  close  nnder  one  side  of  the  rock,  found  it 
ig  bnried  beneath  a  heap  of  Btones. 
e  east  or  northeast  the  upper  portion  of  the  Peak 
le  rude  outlines  of  a  human  face.  Fig.  5  is  made 
>tograph  taken  looking  up  from  the  beach. 


Phono    e  Peak  of  Fernando  de  Noronha,  from  the  bsach. 

ture  n].fonol  te — The  Pedra  da  Conceijao  is,  at 
\  small  lela  id  of  bare  r  ck  just  west  of  the  Praia  do 
1  e  land  ng  plice  next  the  v  llage  it  haa  eteep  rng- 
nd  en  nn  t  1  ke  a  steep  gothic  roof.  The  place  is 
he  left  fortgroui  d  of  the  follow  r  g  figure  6. 
the  fcpecunens  collected  at  this  locality  were  taken 
south  end  or  else  upon  the  summit  of  this  rock. 
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This  locality  is  not  included  amonff  those  of  the  eolumnai 
phonolite.  Mr.  Darwin,  in  his  "  Geological  Observations,' 
remarks  npon  the  occnrrence  near  the  base  of  the  peak  of  slati 
phonolite  with  cleavage.  This  peculiarity  is  veir  marked  at  th( 
I^edra  da  Ooncei^ao,  the  rocks  dipping  sharply  to  the  soath 
west,  and  having  upon  that  side  suriaces  so  flat  and  steep  thai 
I  was  able  to  hold  my  place  only  by  clambering  alon^  its  ridge. 
This  is  probably  the  locality  to  which  Mr.  Darwin  refers.  The 
rock  splits  readily  into  comparatively  smooth  slabs.  A  some 
what  similar  structure  was  observed  in  loose  fragments  found 
between  the  Morro  do  Meio  and  Atalaia  Grande.  (Nos.  40  an(i 
42). 

BasaUa. — Eocks  of  a  basaltic  type  form  the  great  body  ol 
Fernando  de  Noronha.  They  occur  in  all  portions  of  th( 
island,  and  in  masses  of  all  shapes  and  sizes  from  thin  veins  t( 
broad  sheets.  It  was  not  observed,  however,  in  any  of  th( 
prominent  isolated  peaks,  like  the  phonolite,  yet  nepheline-ba 
salt  was  found  on  the  summit  of  the  Morro  Francez,  and  augi 
tite  in  the  tuffs  upon  the  east  side  of  that  hill.  It  occurs  aboa 
the  bajses  of  the  phonolite  peaks,  forming  the  body  of  IDd 
Bapta,  Sao  Jos6,  Morro  Kedondo,  and  the  cape  near  the  phono 
lite  peak  of  the  Sella  a  Gineta.  Bocks  of  basaltic  type  (hmbm 
gite)  occur  about  the  base  of  the  Atalaia  Grande  and  along  th( 
snores  west  of  the  peak.  The  Dois  Irmaos  appear  to  be  mad( 
up  of  basalt,  and  so  also  the  Laja  Cape  between  the  Atalainh: 
and  Morro  Branco.  In  none  of  these  cases,  however,  was 
able  to  determine  satisfactorily  the  relations  of  the  basalt  anc 
phonolite  to  each  other.  Perhaps  the  most  striking  exposure 
of  these  rocks  are  to  be  seen  upon  the  island  of  Sak)  Jose.  Thi 
surf  has  here  removed  all  the  debris  and  uncovered  columns  o: 
extremely  hard  nepheline-basanite  (No.  31),  which  are  beei 
exposed  upon  the  north  side  of  the  island,  where  a  length  oi 
about  fifty  feet  may  be  seen.  This  rock  forms  the  greatei 
part  of  Sao  Jos6  and  the  two  small  adjoining  islands,  Pedn 
Furada  and  Ilha  Redonda.  In  each  case  the  columnar  basalt 
forms  the  lower  part  of  the  island,  and  massive  basalt  the  upper, 
while  Sao  Jos^  is  further  capped  by  a  bed  of  the  calcareous 
sandstone  like  that  of  which  Ilna  Kaza  is  made.  The  columD^ 
of  Sao  Jose  are  usually  bent.  They  vary  in  size  and  shape,  as 
well  as  in  position,  but  are  usually  hexagonal  and  about  one  foot 
in  diameter,  and  break  off  in  sections  from  one  to  four  feet  in 
length.  The  best  exposure  of  the  columns  is  on  the  eastern 
side  of  the  island,  where  they  are  visible,  however,  only  from 
the  water.  Many  of  them  contain  irregular  masses  of  perido- 
tite  (No.  34)  almost  as  large  as  one's  fist.  The  broken  colurnDfi 
are  rolled  bv  the  surf  upon  the  beach  where  they  eventnallj 
form  great  black  cobbles. 
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Ilha  Eapta,  the  most  northeastern  of  this  group  of  islands, 
appears  to  be  made  up  for  tlie  most  part  of  basalt,  these  rods 
forming  its  highest  portion  and  its  eastern  and  western 
extremities.  At  its  east  end  the  basalt  is  rudely  columnir 
along  steep  shores  120  feet  high ;  but  generally  there  is  % 
broken  slope  to  the  sea,  covered,  above  the  reach  of  the  wavegj 
with  talus  and  earth.  The  western  point,  about  the  Espigao, 
is  composed  of  oepheline-basalt  (No.  72.) 

The  slender  necx  forming  the  northeastern  promonotoir  of 
the  main  island,  appears  to  be  of  basalt.  The  weathering  of  the 
rocks  at  the  exposures  upon  this  neck,  and  especially  upon  the 
southeast  side,  is  characterized  by  extensive  exfoliation  and  a 
consequent  disintegration  of  the  body  of  the  rock  walls  into 
great,  black,  approximately  round  bowlders.  As  these  masses 
lie  in  place  they  have  the  appearance  of  a  gigantic  rude  stone 
wall  built  of  black  bowlders  of  various  sizes.  When  they  fall 
and  come  within  the  reach  of  the  waves,  though  excessively 
hard,  they  are  soon  smoothed  and  rounded.  The  beach  on  the 
north  side  of  this  neck  is  covered  by  vast  numbers  of  these 
black  rounded  stones,  here  facetiously  known  as  "  coTa6k%  di 
negro  " — negro  hearts  Large  blocks  of  nepheline-basalt  (Na 
45)  cover  the  summit  of  the  Morro  Francez. 

It  seems  probable  that,  with  a  few  exceptions,  the  basdtic 
rocks  are  continuous  from  the  extreme  northeast  point  of  the 
main  island  along  its  eastern  and  southern  side  to  the  bay  next 
east  of  the  Atalaia  Grande,  though  but  few  of  the  specimens 
collected  upon  this  portion  of  the  island  seem  to  have  been 

S reserved.  It  should  be  mentioned,  however,  that  the  great 
eposit  of  tuflE  which  forms  the  higher  portions  of  the  snore, 
just  east  of  the  Morro  Francez,  contains  loosely  consolidated 
fragments  of  many  varieties  of  rocks,  among  which  are  auritite 
(No.  115).  The  next  extensive  exposure  oi  basalt  (nephSine- 
basalt)  is  in  the  horizontal  beds  which  form  the  southwest 
shore  of  the  island  from  the  cape  at  the  Laja  just  west  of  the 
Bahia  do  Sueste  to  the  Morro  Branco,  a  distance  of  more  than 
a  mile.  These  basalts  have  the  appearance,  from  a  distance,  of 
being  horizontally  stratified  sedimentary  rocks.  The  upp^ 
most  bed  along  this  escarpment  is  of  nepneline-basalt  (Na  27), 
while  the  underlying  beds  resemble  this  in  gross  struetartL 
(Nos.  28,  29,  30).  The  lower  beds  contain  amygdaloidal  cav- 
ities, as  do  also  some  of  the  basalts  about  the  eastern  extremity 
of  the  main  island,  notably  at  the  mouth  of  the  stream  callea 
Cuyeira. 

Some  of  the  rocks  of  the  basaltic  type  occur  next  the  base  of 
Atalaia  Grande  on  the  south  side,  but  on  account  of  the  8(»1 
which  covers  this  part  of  the  island  it  was  not  possible  to 
determine  satisfactorily  their  relations  to  the  phonoiites  which 
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make  np  the  body  of  the  hill.  The  limbur^te  (No.  14)  of  the 
west  base  of  Atalaia  Grande  forms  a  dyke  either  in,  or  west  of 
and  adjacent  to,  the  amphibole  trachyte  (No.  10)  mentioned 
elsewhere.  Inasmuch  as  the  eastern  side  of  Atalaia  Grande  is 
exposed  in  one  place  down  to  the  water's  edge  and  is  seen  to 
be  composed  entirely  of  phonolite,  these  dykes  of  trachyte  and 
limburgite  are  probably  exterior  to  the  body  of  the  hilL  Lim- 
burgite  (No.  65)  was  found  also  in  the  peak  of  volcanic  tuff 
which  rises  upon  the  narrow  neck  connecting  the  Sapato  with 
the  island.  It  there  occurs  associated  with  travertine  (No.  Q^\ 
and  volcanic  bombs.  (Nos.  3  and  58).  The  two  small  isolated 
rocks  known  as  the  "  Dois  Irmaos  "  are  not  accessible,  but  as 
seen  from  the  main  island  they  have  the  appearance  of  being 
composed  entirely  of  rudely  columnar  basalt. 

Volcanic  hombs  (No.  48)  occur  in  situ  on  the  northern 
and  near  the  summit  of  the  Morro  Francez.  The  east  side  of 
this  hill,  where  it  slopes  down  to  the  sea,  is  much  checkered 
by  dykes  varying  in  thickness  from  two  feet  to  eight,  which 
cross  each  otner  at  all  angles.  The  bench  of  hard  rock  which 
skirts  the  base  of  the  hill,  and  which  is  uncovered  at  low  tide, 
varies  in  width  from  zero  to  three  hundred  and  fifty  feet.  On 
its  outer  margin  it  is  bordered  by  calcareous  formations.  On 
this  bench  the  dykes  are  beautifully  displayed  at  low  tide. 
Immediately  east  of  Capim  Azul,  a  cliff  more  than  300  feet 
high  is  composed  almost  entirely  of  volcanic  bombs  and  tuffs 
in  beds  dipping  to  the  south  at  a  high  angle,  and  capped  by 

{'ointed  basalt.  In  size  these  bombs  vary  from  that  of  a  pin  s 
lead  to  the  size  of  a  bushel.  Volcanic  bombs  occur  also  in  the 
tuffe  about  the  western  end  of  the  island,  but  they  are  nowhere 
so  abundant  or  of  such  size  as  at  the  cliffs  of  Capim  Azul. 

Tuffs, — Tuffs  occur  about  the  northern  and  eastern  sides  of 
the  Morro  Francez,  but  are  especially  abundant  about  the 
western  end  of  the  island,  where  some  of  the  beds  are  more 
than  one  hundred  and  fifty  feet  thick. 

From  the  east  side  of  the  Morro  Francez  near  the  Pontinha 
are  heavy  beds  of  loosely  consolidated  tuff  (No.  118),  consist- 
ing of  a  mixture  of  angular  fragments  of  rocks  of  many  kinds 
wmch  vary  in  size  up  to  that  of  a  millstone  and  larger ;  the 
beds  slope  down  to  the  immediate  beach  of  solid  rock.  This 
loose  material  is  unlike  the  basaltic  tuff  of  the  western  end  of 
the  island ;  it  is  greenish  gray  and  without  any  appearance  of 
stratification,  while  that  of  the  Sapato  and  Capim  Azul  is  more 
or  less  stratified  and  brownish. 

The  cliffs  about  Barro  Yermelho  and  for  some  distance 
slong  the  south  side  of  the  island,  extending  from  the  bed  of 
Tolcanic  bombs  at  Capim  Azul  to  or  near  tlie  Portao,  are  of 
come  form  of  tuff  (No.  62).     The  rock  is  soft  and  reddish,  and 
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forms  upon  decompoeition  a  deep  red  earth  which  gives  nime 
to  this  part  of  the  island — "  Barro  Verraelho,"  red  mnd. 

The  Portao  — The  extreme  weBtem  portion  of  the  ulaod 
lying  weet  of  the  Portao  Gnmde  ib  known  as  the  Sapato  (the 
ahoe)  This  is  one  of  the  most  interesting  and  impreaetn 
places  on  Fernando      The  waves  have  cat  away  the  soft  bedi 


of  dark  brown  basaltic  tiifE  which  here  form  the  greater  part  of 
the  strata  of  the  island,  until  there  remains  little  more  than  i 
narrow  neck  of  steep  and  ruftged  cliffs,  some  of  them  ei^^ 
meters  high,  at  whose  breccia-eovered  foot  breaks  a  ceaeettfi 
and  violent  surf.  At  one  place  an  opening  or  tunnel  has  pene 
trated  the  isthmns ;  and  tliie  is  the  Purtao  Grande  of  tb 
inhabitants  of  Fernando — "  the  hole  in  the  wall "  of  Englid 
Bailors. 
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The  Portao  beds  of  tuff  (Ko.  54)  are  more  homo^neous  than 
those  at  Capim  Azul.  The  individual  fragments  into  which  it 
breaks  upon  disintegration  are  seldom  more  than  two  inches  in 
diameter,  and  the  weathered  surface  of  the  beds  has  a  lumpy 
rough  appearance.  The  beds  are  regularly  stratified,  the  dart 
brown  material  being  streaked  with  lighter  and  darker  bands. 
They  dip  southwest  and  southeast  at  an  angle  of  nearly  46°, 
the  opening  being  cut  in  a  kind  of  syncline  whose  axis  dips  to 
the  south.  Overlying  the  tuff  is  a  bed  of  hard  rock  containing 
many  rectangular  crystals,  specimens  of  which  unfortunatelv 
have  not  been  preserved.  This  hard  but  much  jointed  rocfe 
fills  the  little  depression,  or  syncline,  in  the  tuff,  and  forms  a 
nearly  horizontal  roof  for  this  natural  tunnel.  The  triangular 
gap  between  the  tuff  and  its  overlying  bed  is  filled  with  irreg* 
ularly  stratified  fragments  which  could  not  be  examined. 

The  rock  walls  of  the  Portao  from  one  face  to  the  other  are 
a  little  less  than  one  hundred  feet  in  thickness ;  the  roof  is 
about  forty  feet  above  the  water  at  mean  tide,  and  the  open- 
ing is  about  forty  feet  in  width  At  the  time  of  my  visit  the 
water  did  not  hav^  free  passage  through  the  opening,  the 
northern  entrance  being  barred  by  a  narrow  dyke  of  very  hard 
basalt,  about  fifteen  feet  high,  traversing  the  tuff  and  standing 
nearly  square  across  its  front. 

The  process  by  which  the  great  opening  has  been  made 
beneath  this  isthmus  is  not  without  interest.  The  surf  about 
the  Sapato  is  always  violent,  and  especially  so  upon  its  south 
side.  The  excavation  has  all  been  done  upon  this  south  side, 
the  character  and  dip  of  the  rocks  contributing  largely  to  the 
result.  If  the  waves  breaking  against  the  southwest  dip  of  the 
excavated  rock  were  carried  up  its  slope,  they  were  promptly 
checked  by  the  hard  overlying  rock  which  forms  the  tunnel  s 
roof.  When,  in  the  course  of  time,  the  wall  was  pierced,  the 
wp.ves  struck  the  small  basaltic  dyke  referred  to  above  and  this 
has  ever  since  barred  their  progress.  A  gap,  however,  has 
been  made  through  this  dyke  wnere  it  receives  the  full  force 
of  the  waves.  The  dip  of  the  dyke  is  toward  the  south  and 
when  the  incoming  waves  plunge  through  the  opening  they 
strike  this  wall  and  are  thrown  off  at  a  tangent,  leap  high  in 
the  air  and  fall  in  overwhelming  volume  and  in  spray  upon  the 
shingle  of  the  northern  beach.  The  swells  and  less  violent 
waves  occasionally  lift  their  great  volumes  of  water  and  pour 
intermittent  cataracts  over  the  gap  on  the  little  dyke,  and 
down  the  channel  which  is  opened  to  the  left  through  the  tuff 
between  the  wall  and  the  overhanging  cliffs. 

The  lowest  beds  exposed  at  the  extreme  western  end  of  the 
Sapato  are  of  basaltic  tuff.  The  rock  is  reddish  brown,  soft  and 
somewhat  granular  and  contains  an  abundance  of  included  frag^ 
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meots  of  a  great  variety  of  other  rocks.  The  sea  has  ear 
out  at  the  base  of  its  cliffs  a  beautiful  and  regular  bei 
from  twenty  to  forty  feet  in  width,  which  runs  across 
whole  western  end  of  the  Sapato  midway  between  high  \ 
low  tides.  The  beds  here  dip  westward  at  an  angle  of  ab 
25  degreea  At  the  northwestern  corner  of  this  exposur 
stratum  of  compact  rock  (basalt  ?)  about  fifteen  feet  in  thi 
ness  overlies  the  tuff  and  dips  40°  to  the  eastward.  Ab 
this  is  a  bed  of  very  hard  but  much  shattered  rock  wh 
continues  to  and  beyond  the  Portao  of  which  it  forms  the  n 
Basaltic  tuffs,  very  similar  to  or  perhaps  identical  with  th 
in  which  the  Portao  opening  is  excavated  continue  along 
north  shore  of  the  island  for  at  least  half  a  mile  east  of 
Portao.  The  cliffs  of  this  material  are  usualh'  vertical  % 
caf>ped  by  a  bed  of  some  more  resisting  rock  From  the  pn 
ontory  called  Portaozinho,  looking  northeast  along  the  tw 
of  the  island's  north  coast,  one  sees  rising  abruptly  from 
water  a  lofty  vertical  cliff  of  what  appears  to  be  rudely  coin 
nar  basalt.  This  exposure  was  not  examined  near  at  hai 
Both  east  and  west  of  this  exposure  are  others  of  redd 
brown  rocks  resembling  in  general  appearance,  and  at  a  c 
tance,  the  soft  reddish  palagonite  of  Barro  Yermelho  (Ko.  6 
The  cliffs  of  this  material  have  their  ])ases  deeply  underseoi 
by  wave  action. 

Calcareous  sandstone, — Besides  the  rocks  of  igneous  orig 
a  calcareous  sandstone  occurs  along  some  shores.  It  cov( 
about  one-third  of  Ilha  Rapta,  a  part  of  Sao  Jos6,  and  sm 
areas  of  the  main  island  near  the  Lancha  on  the  northeast,  t 
high  shore  west  of  Atalaia  Grande,  the  shore  along  the  sou' 
west  side  of  the  Sueste  Bay,  and  forms  Ilha  Eaza,  Ilha 
Meio  and  the  Chapeo  at  the  mouth  of  Baliia  do  Sueste.  T 
material  of  the  sand-rocks  was  originally  deposited  in  the  foi 
of  sand  dunes  and  the  bedding  shows  that  it  must  have  be 
blown  by  the  winds  chiefly  from  a  southern  or  southeast€ 
direction,  l^he  deposits  are  all  on  eastern  or  southeaste 
shores  and  have  no  connection  with  the  existing  beach.  On  II 
Raza,  it  makes  a  perpendicular  bluff  foi1:y  feet  or  more 
height;  on  Ilha  Kapta  it  rises  about  forty  feet  above  t 
water,  while  south  of  Atalaia  Grande  it  stands  at  an  elevati 
of  at  least  a  hundred  feet  above  the  sea.  A  microscopic  i 
amination  shows  that  it  has  been  consolidated  by  the  deposit 
lime  carbonate  dissolved  from  the  uppoi'most  layers  byt 
waters  of  the  rains  aided  possibly  by  the  spray  of  the  sui 
The  grains  are  fragments  of  shells,  corals,  sea  urchins,  foi 
minifers  and  other  calcareous  growths  of  the  shores. 

Where  these  sandstones  rise  from  the  ocean,  as  they  do  < 
Ilha  do  Meio,  Ilha  Raza,  Ilha  Rapta  and  Chapeo,  the  wi 
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beddinff  is  found  to  extend  beneath  tlie  water,*  indicating;  that 
the  Jai^^pce  stood  at  a   higher  elevation.     It  shonid   be 
ktftd    rftmni^nt  of  Bandfitone   near 


]o  Meio  (middto  island),  bus  been  e 
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ments  of  a  great  variety  of  other  rocks.     The  sea  has  carved  | 
_at  the  base  of   its  cliffs  a  beautiful   and    regular   bench  J 
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bedding  is  found  to  extend  beneath  the  water,*  indicating  that 
the  island  once  stood  at  a  higher  elevation.  It  should  be 
noted,  however,  that  the  isolated  remnant  of  sandstone  near 
Sao  Jos^  known  as  the  Chapeo,  and  the  western  ends  of  Ilha 
Kaza  and  Ilha  Bapta  stand  upon  waterwom  shingle.  Inas- 
much as  the  cobbles  must  have  been  worn  before  they  were 
covered  by  sand,  the  island  must  have  stood  at  a  level  as  low 
or  somewhat  lower  than  its  present  one  while  the  cobbles 
were  being  made,  and  as  the  wind  bedding  could  .not  be  pro- 
duced below  the  surface  of  the  water  or  in  sand  to  which  the 
waves  had  access,  the  island  must  have  been  elevated  some- 
what before  the  dunes  were  blown  over  and  deposited  upon 
the  shingle-covered  beaches. 

That  they  were  blown  up  from  the  south  or  southeast  is 
shown  by  the  geographic  positions  of  the  various  beds,  by  the 
absence  of  such  rocks  at  corresponding  elevations  on  the  op- 
posite sides  of  the  islands,  and  by  the  internal  structure  of 
the  rocks  themselves,  the  steeper  face  of  the  dune  always 
being  toward  the  north  or  northeast.  But  as  there  is  now  no 
beach  from  which  this  sand  could  have  been  derived,  we  must 
conclude  that  the  island  was,  not  long  ago,  wider  to  the  south- 
east, and  that  there  were  upon  that  side  of  it  sandy  shores, 
upon  which  an  abundance  of  organic  remains  was  thrown 
and  ground  to  sand.  These  sands  were  then  blown  across  the 
island  to  and  upon  the  opposite  shore,  burying  the  former 
bowlder-covered  beach  near  Sao  Jos6  beneath  15  or  20  feet  of 
sand,  and  piling  it  up  considerably  higher  than  the  highest 
parts  of  the  existing  sand-rock.  They  joined  into  one  what 
are  now  the  separate  islands  and  places  marked  as  sandstone 
upon  the  map. 

*  See  also  the  voyage  of  the  ChalleDger,  by  Sir  C.  Wyville  Thomson,  vol.  ii,  p.. 
100.  et  seq. 

Noit  upon  the  Map. — The  names  given  upon  the  map  and  in  this  paper  are  those 
used  by  the  inhabitants  of  the  island.  Other  names  have  been  used  by  visitors 
and  navigators,  especially  by  English  and  French-speaking  persons  who  knew 
but  little  or  nothing  of  the  Portuguese  language,  or  who  have  had  no  opportunity 
of  learning  the  correct  names.  Inasmuch  as  these  English  and  French  names  are 
not  the  ones  known  and  used  at  Fernando  de  Noronha  they  cannot  be  regarded 
as  correct  That  there  may  be  no  misunderstanding,  however,  about  some  of 
the  more  important  points  mentioned  in  this  paper  and  by  others  who  have  vis- 
ited this  island,  I  give  a  few  of  the  names  erroneously  used  with  the  correct 
Portuguese  names. 

Ilha  Rapta  has  been  called  Rat  Island  by  the  English,  and  He  aux  Rats  by  the 
French.  The  word  rapta  is  the  participle  of  the  verb  raptor^  Eng.  rape.  It  ia 
supposed  to  have  been  given  on  account  of  the  place  once  having  been  occupied 
by  Dutch  pirates. 

Sdla  cL  Gineia  (homed  saddle),  so  named  on  account  of  its  resemblance  to  a 
horned  saddle,  is  called  St.  Michael's  Mount  by  English  and  French. 

Aforro  do  Frade  (friar's  hill),  so  called  on  account  of  its  resemblance  to  a 
monk's  cowl,  is  called  Le  Clocher  by  the  French.  Ilha  Raza  (flat  island),  has 
been  named  Egg  Island,  and  Hha  do  Meio  (middle  island),  has  been  called  Booby 
Island. 

10a 
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Miscellaneous  Scientific  Intelligence. 

1.  American  Geological  Society,—  The  American  Geological 
Society  was  formally  organized  at  Ithaca,  N.  Y.,  on  December 
27th,  1888.  The  report  of  the  Committee  of  Organization 
showed  that  98  Geologists  belonging  to  the  American  Association 
for  the  Advancement  of  Science  had  become  Original  Fellows ; 
and  that  ballots  received  from  74  Fellows  had  elected  the  17 
candidates  for  admission  to  the  Society.  The  names  of  19  new 
candidates  were  presented  and  were  referred  to  the  Executive 
Council. 

A  committee  was  appointed  to  prepare  a  permanent  Constitu- 
tion ;  and  another  to  take  into  consideration  the  whole  matter  of 
publications ;  both  committees  to  report  at  the  next  meeting  of 
the  Society. 

The  officers  for  1889  are:  President,  James  Hall;  1st  Vice- 
President,  James  D.  Dana;  2nd  Vice-President,  Alex.  Winchell; 
Secretary,  John  J.  Stevenson  ;  Treasurer,  Henry  S.  Williams; 
Members  of  the  Council,  John  S.  Newberry,  J.  W.  Powell,  Chas. 
H.  Hitchcock. 

The  Society  adjourned  to  meet  in  Toronto  on  Wednesday,  in 
August,  1889,  immediately  after  the  adjournment  of  Section  E 
of  the  American  Association  for  the  Advancemei't  of  Science. 

We  are  indebted  for  the  above  notes  to  the  Secretary  of  the 
Society,  Prof.  J.  J.  Stevenson. 

The  Society,  thus  auspiciously  inaugurated,  promises,  through 
the  free  interchange  ol  views  it  will  promote  and  in  other 
ways,  to  be  of  great  service  to  American  Geology.  No  bet- 
ter choice  for  the  position  of  President  could  have  been  made. 
Professor  Hall  began  his  labors  early  in  the  thirties,  and,  ever 
since,  geology  and  paleontology  have  had  his  undivided  atten- 
tion. His  works — making  more  than  a  dozen  great  volumes  with 
over  700  plates  of  fossils— have  laid  the  foundations  of  American 
,  Geology,  and  have  been  a  chief  source  of  its  progress,     j.  d.  d. 

2.  Mineral  Resources  of  the  United  States;  calendar  year,  1887, 
David  T.  Day,  Chief  of  division  of  Mining  Statistics  and  Technol- 
ogy. 832  pp.  8vo.  Washington,  1887  (U.  5.  Geol.  Survey).— 
This,  the  filth  volume  of  the  series,  appears  with  most  commenda- 
ble promptness,  and  contains  the  usual  large  amount  of  valuable 
information  in  regard  to  the  development  of  the  mineral  interests 
of  the  country  during  the  calendar  year  1887.  The  tabulated  list 
of  useful  minerals,  arranged  according  to  states  and  territories, 
has  been  much  improved  by  additions  and  general  revision; 
this  work  has  been  in  the  hands  of  Albert  Williams,  Jr. 

3.  Index  der  Krystallformen  der  Miner  alien  von  Dr.  Victor 
GoLDSCHMiDT.  Vol.  II,  Part  4,  vol.  Ill,  Parts  2  and  3. — This  con- 
tinuation of  Goldschmidt's  important  work  on  crystallography 
(see  xxxi,  475;  xxxii,  485;  xxxv,  501)  embraces  the  species, 
alphabetically  arranged,  from  idocrase  to  kupfervitriol,  and  rals- 
tonite  to  syngenite.  The  same  exhaustive  thoroughness  is  sliown 
in  these  parts  as  in  those  before  issued. 
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RT.  XVIII. — Restoration  of  Brontops  rohustus^  from  the 
Miocene  of  Ainerica  ;  *  by  Professor  O.  C.  Marsh.  (With 
Plate  VI.) 

The  largest  mammals  of  the  American  Miocene  were  the 
ige  BrontotheridcB^  which  lived  in  great  numbers  on  the  east- 
n  flanks  of  the  Rocky  Mountains,  and  were  entombed  in  the 
ash-water  lakes  of  that  region.  They  were  larger  than  the 
inocerata  of  the  Eocene,  and  nearly  equalled  in  size  the  ex- 
;ing  elephant  They  constitute  a  distinct  family  of  perisso- 
LCtyles,  and  were  more  nearly  allied  to  the  rhinoceros  than  to 
IT  other  living  forms. 

The  deposits  in  which  their  remains  are  found  have  been 
lied  by  the  author,  the  Brontotherium  beds.  They  form  a 
ell-inarked  horizon  at  the  base  of  the  Miocene.  These  deposits 
e  several  hundred  feet  in  thickness,  and  may  be  separated 
to  different  subdivisions,  each  marked  by  distinct  genera  or 
>ecie8  of  these  gigantic  mammals. 

The  author  has  made  extensive  explorations  of  these  Miocene 
ke-basins,  and  has  secured  the  remains  of  several  hundred 
idividuals  of  the  Brontotheridce,  which  will  be  fully  described 
I  a  monograph,  now  well  advanced  towards  completion,  to  be 
ublished  by  the  United  States  Geological  Survey.  The  atlas 
f  sixty  lithographic  plates  is  already  printed,  and  the  author 
ibmitted  a  copy  to  the  section.     The  last  plate  of  this  volume 

devoted  to  a  restoration  of  Broivtom  rohustuSj  one-seventh 
itural  size,  and  a  diagram  enlarged  from  this  plate  to  natural 
26  was  also  exhibited,  t 

Abstract  of  a  paper  read  before  Section  D,  of  the  British  Association  for  the 
^ancement  of  Science,  at  the  Bath  meeting,  Sept.  7ih,  1888. 
'  The  present  plate  (VI),  one  twenty-fourth  natural  size,  shows  a  reduced  copy  of 
*  aame  restoration. 
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The  skeleton  represented  in  this  restoration  is  by  far  the  mo6t 
complete  of  any  of  the  group  yet  discovered.  It  was  found  by 
the  author  in  Dakota,  in  1874,  and  portions  of  it  have  been  ex- 
humed at  different  times  since,  some  of  the  feet  bones  having 
been  recovered  during  the  past  year.  It  is  a  typical  example 
of  the  family,  and  shows  well  the  characteristic  features  of  the 
genus  and  species  which  it  represents. 

The  most  striking  feature  of  the  restoration  here  siven,  aside 
from  the  great  size  of  the  animal,  is  the  skull.  This  is  sur- 
mounted in  front  by  a  pair  of  massive  prominences,  or  horn- 
cores,  which  are  situated  mainly  on  the  frontal  bones.  The 
nasals  contribute  somewhat  to  their  base,  in  front,  and  the  max- 
illaries  support  the  outer  face.  These  elevations,  or  horn-cores, 
vary  much  in  size  and  shape  in  the  different  genera  and  species. 
Thev  are  always  very  small  in  the  females. 

The  general  form  of  the  skull  and  lower  jaw  is  well  shown  in 
the  figure.  The  prominent  occipital  crest,  the  widely-expanded 
zygomatic  arches,  and  the  projecting  angle  of  the  lower 
jaw,  are  all  characteristic  features.  In  general  shape,  the  sknll 
resembles  that  of  Brontotheriwn^  but  may  be  readily  dis- 
tinguished from  it  by  the  dental  formula,  which  is  as  f ouows : 

Incisors  f ;  canines  4^ ;  premolars  ^ ;  molars  f . 

The  presence  of  four  premolars  in  each  ramus  of  the  lower 
jaw  is  a  distinctive  feature  in  this  genus.  This  character,  with 
the  single,  well-developed  lower  incisor,  marks  both  the  known 
species. 

The  number  of  teeth  varies  in  the  different  genera.  The 
form  of  the  teeth,  especially  in  the  molar  series,  is  more  like 
that  in  Chalicotherium  and  Diplacodon  than  in  any  other 
known  forms.  The  teeth  in  the  allied  genus  Brontotherium 
have  already  been  figured  and  described  by  the  author. 

The  vertebrae  are  somewhat  similar  to  those  of  the  existing 
rhinoceros.  In  the  present  genus,  Brontaps^  the  neural  spines 
of  the  dorsal  vertebrae  are  elevated  and  massive.  There  are 
four  sacral  vertebrae  in  this  genus,  and  in  the  known  species 
the  tail  is  short  and  slender,  as  in  the  individual  here  described. 

The  ribs  are  strong  and  massive.  The  sternal  bones  are 
compressed  transversely.  The  exact  form  of  the  first  one  is 
not  Known  with  certainty,  and  is  here  restored  fromthe  rhi- 
noceros. This  is  the  only  important  point  left  undetermined 
in  the  restoration. 

The  fore  limbs  are  especially  robust.  The  humerus  has  its 
tuberosities  and  ridges  very  strongly  developed,  and  the  radios 
and  ulna  have  their  axes  nearly  parallel.  There  are  four  well- 
developed  digits  in  the  manus,  the  first  being  entirely  wanting. 
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The  pelvis  is  very  wide,  and  transversely  expanded,  as  in  the 
elephant.  The  femur  is  long,  and  has  the  third  trochanter 
rudimentary.  The  tibia  and  fibula  are  quite  ^hort.  The  cal- 
canenm  is  very  long,  and  the  astragalus  is  grooved  above. 
There  are  only  three  digits  in  the  pes,  the  first  and  fifth  having 
entirely  disappeared. 

Dipldcodon  of  the  Upper  Eocene  is  clearly  an  immediate  an- 
cestor of  the  BrontothermcB,  while  PalcBOsyops  and  Limnohy%L8 
of  the  Middle  Eocene  are  on  the  more  remote  ancestral  hne. 
The  nearest  related  European  form  is  the  Miocene  Chalico- 
theriura.     No  descendents  of  the  Brontotheridm  are  known. 

Menodus^  Megaceropa^  Brontotheriv/nhy  Symhorodon^  Menops^ 
Titanops^  and  AUops^  all  belong  to  the  family  BrontothermcB^ 
and  their  relation  to  the  genus  here  described,  and  to  each 
other,  will  be  fully  discussed  in  the  monograph,  to  which 
reference  has  already  been  made. 
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tiT.  XIX. — Some  Deier'rninations  of  the  Energy  of  the 
Light  from  Incandescent  Lamps;*  by  Ernest  Merritt, 
M.E  ,  Fellow  in  Physics  at  Cornell  University. 

[Contributions  from  the  Physical  Laboratory  of  Cora  ell  University,  No.  IV.] 

In  the  numerous  experiments  that  have  been  made  on  the 
Bciency,  life,  etc.,  of  incandescent  lamps,  the  light  from  the 
rap  is  always  measured  photometrically,  and  is  expressed  in 
mdle  powers.  For  most  purposes  this  method  is  satisfactory, 
)r  it  is  the  luminous  eflFect  of  the  light  that  is  of  practical 
nportance.  It  is  of  some  scientific  interest,  however,  to  de- 
irnaine  what  proportion  of  the  energy  supplied  to  a  lamp  is 
iven  off  as  light,  and  what  proportion  is  wasted,  practically, 
'  dark  heat.  Photometric  metnods  are  evidently  of  no  use 
1  determinations  of  this  kind.  The  candle  power  is  rather  a 
ivsiological  than  a  physical  unit ;  it  measures  the  effect  of 
?Qt  waves  on  the  eye,  and  not  the  energy  of  these  waves.  It 
is  necessary,  therefore,  on  beginning  the  investigation  to  be 
scribed  in  this  paper,  to  find  some  means  of  separating  the 
sible  from  the  invisible  rays,  and  of  measuring  each  in  units 

power. 

The  most  exact  method  would  probably  have  been  to  form 
spectrum  of  the  light  to  be  tested  with  a  rock  salt  prism,  and 

measure  the  energy  of  the  visible  and  invisible  portions  by 

*  Head  before  the  American  Association  for  the  Advancement  of  Science, 
^Qland,  August,  1888. 
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means  of  a  bolometer.  The  elaborate  character  of  the  experi- 
mental preparation  necessar}'  to  the  sncceesfnl  carrying  ont  of 
the  bolomctric  method  was,  however,  snch  as  to  necessitate  its 
rejection,  and  reconrse  was  had  to  a  modification  of  the  method 
first  used  bj  Melloni.*  He  separated  the  light  from  tlie  ilark 
heat  bj  passing  the  radiations  to  be  measured  tlirongh  a  tliin 
layer  of  water,  or  better  still  through  a  solution  of  alum  in 
water.  While  the  dark  heat  is  almost  entirely  absorbed,  tbe 
light  nearly  all  passes  through.  The  energy  of  the  light  can 
then  be  measured  by  a  tlienuopile,  and  that  of  the  dark  heat 
by  the  rise  in  temperature  of  the  water. 

I.  Oalorimetric  Method. 
The  first  experiments  which  I  shall  describe  were  made  by 
Mr.  S.  liyder  and  myself  in  the  spring  of  1886,  The  lamp  li) 
be  tested  was  placed  in  a  large  glass  calorimeter,  and  main- 
tained at  the  desired  degree  of  incandescence.  The  greater 
part  of  tbe  light  escaped  through  the  glass,  but  the  dark  heat 
was  absorbed  by  the  water  and  raised  its  temperature.  The 
energy  of  the  dark  heat  could  thus  be  measured.  Corrections 
were  made  for  radiation,  and  for  the  absorption  of  light  by  the 
calorimeter.  The  total  energy  supplied  to  the  lamp  beinj; 
determined  by  electrical  measurements,  the  difference  between 
this  total  energy  and  the  energy  of  the  dark  heat  gave  tlie 
energj'  of  the  visible  rays. 

The  calorimeter  was  cylindrical  in  form,  being  22™  in  diam- 
eter and  3S™  high.  It  held  about  ten  liters  of  water,  and  wap 
eupjwrted  by  two  narrow  burs  of  iron,  which  offered  a  qnile 
inapprct-iable  obstmetiou  to  radiation. 

During  the  progress  of  the  experiment,  distilled  water  wa.'' 
allowed  to  How  through  the  calorimeter  in  a  steady  stream, 
entering  at  the  bottom  through  tlie  glass  tube  E  [tig.  1],  anij 
]>assiDg  out  at  the  top 
through  the  tube  Y.  The 
temperature  of  the  water 
when  entering  and  leaving 
was  determined  by  means 
of  the  thermometers  0 
and  W,  placed  in  the  en- 
trance and  exit  tnbes  of 
the  calorimeter. 

If   the   current    in  the 
lamp,  and  the  rate  of  flov 
of  the  water,  remain  con- 
stant, then  the  difference 
in  temperature  betweeu  the  water  entering  and  that  leaytng 
•Melloni;  "La  Thennocliroae,"  Naples,  1860. 
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must  also  remain  constant,  and  the  heat  absorbed  by  the  water 
is  measured  by  the  product  of  this  difference  in  temperature 
into  the  amount  of  water  passing  through  the  calorimeter. 

Let  t  =  time  occupied  by  the  experiment. 
T,  =  temperature  of  water  entering.  > 
T,  =  "  **        leaving. 

F  =  rate  of  flow  of  the  water. 
R  =  heat  lost  by  radiation. 

Then  H,  the  heat  absorbed  by  the  water  is  : 

H  =  [T,-TJF<+R. 

This  method  of  determining  the  heat  absorbed  was  adopted 
for  several  reasons.  Jn  the  first  place  the  correction  for  radia- 
tion was  very  small ;  we  were  always  able  to  make  the  temper- 
ature of  the  air  intermediate  between  T,  and  T,  and  of  such 
value  that  the  absorption  of  heat  by  the  lower  part  of  the 
calorimeter  nearly  balanced  the  radiation  from  the  upper  part 
As  it  was  impossible  in  our  experiments  to  use  a  water  jacket, 
or  similar  arrangement  for  reducing  the  radiation,  this  fact  was 
of  great  importance.  Then,  if  the  ordinary  form  of  calorime- 
ter nad  been  used,  it  would  have  been  necessary  to  use  a  stir- 
rer, which  would  have  absorbed  a  considerable  amount  of  l^ght. 
Finally,  by  using  this  method  we  were  enabled  to  take  a  num- 
ber of  readings  of  temperature  and  current  instead  of  only 
one,  and  could  continue  the  experiment  as  long  as  we  wished. 

The  electrical  energy  supplied  to  the  lamp  was  determined 
by  measurements  of  current  and  resistance.  The  dynamo 
furnishing  the  current  was  allowed  to  run  at  its  normal  poten- 
tial and  to  send  a  current  of  10  or  15  Amperes  through  a 
dead  resistance  of  heavy  German  silver  wire.  The  lamp  was 
connected  so  as  to  be  in  multiple  with  enough  of  this  resistance 
to  give  the  desired  difference  of  potential.  The  resistance  in 
multiple  with  the  lamp,  and  the  resistance  of  the  lamp  connec- 
tions, were  measured  after  the  close  of  each  experiment  The 
total  current,  and  the  lamp  current,  having  been  measured  dur- 
ing the  experiment,  the  resistance  of  the  lamp  was  calculated 
from  these  data.  The  large  tangent  galvanometer  in  the  Mag- 
netic Observatory  of  Cornell  itniversity  was  used  in  measur- 
ing currents.  For  H  the  average  value  0*1718  was  used 
throughout  the  experiments. 

The  thermometers  used  were  Baudin's  "  specific  heat "  ther- 
mometers, Nos.  10214  and  10294,  graduated  to  0°-02.  They 
were  read  every  minute  by  means  of  telescopes  placed  about 
two  metres  away  and  at  the  same  height  as  the  mercury  in  the 
tabes.  After  each  experiment  the  two  thermometers  were 
compared  to  determine  the  difference  in  zero  point.     Curves 
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wer*:  •ir&TTi.  k::-=:'  **«?i  te?:  rLvwing  the  variations  of  T,.  T^ 
^i.'i  ••:  •:.*:  liir::'  rrirrrrz.'  f  .  TLe  chugcst  in  T,  were  fonnd  to 
hrf:  -lliT^:  sL'i  M'  *>  rr^T-i'L'i  a:m«.»-t  exactly  with  change^  in  the 


liLM'  CTirrv:. 


I:;  fritL'-^i'^r.^.z  •^•r  ^1^  '  •'  t^sjfieranire  it  wa^  necessary  to  allow 
f«*r  ::.*r  t:n:ir  •'-x-:::  :rr»:  '••v  ji  yt^rrir-e  «.»f  water  in  passing  throogl 
tLf-  ♦.•a;.,r>j-v:^r.  SiL-e  r:.e  ri*^-  in  teniperatore  of  each  parti- 
'•]e  i*  *.:.fr  'ii^^rrrT-Crr  "ri^rTw«:it  :T^  temperatare  when  enteriiii: 
arid  :t*  x^iiw^r^'.^r*:  wr.^rii  \x^y\ziz^  T.  mast  lie  observed  before 
T_.  TLt  txii'-r  •i::?e >::-<*  :i:  rime  depends  on  the  rate  of  lluw 
ar.d  T'-e  Ciipi'-ity  ...f  :Lr  '-i^i'riii.eter.     The  correction  to  be  ap- 

T:.».-  rate  •■!  :!"'«•.  F.  was  kept  ca>nstant  by  an  arrangemeni 
AmWuT  x*j  tLe  ••Mit^:••::e'^  l-'Ule"  used  in  illastratin^  the 
\,\\\>  *A  Lydp^ta::*.-*.  I>  ^f.^.  1 »  is  a  lai^  carboy  filled  with 
distilled  '.vjter.  and  ci^.«se*l  r»y  an  air-tight  stopper.  Through 
thi-  :-tMpf»er  twM  ;:la>s  tii!.e?  A  and  B  pas*  down  into  the  water. 
rea<'hin:r  nearly  t**  the  b^-ttoni  «»f  the  carboy.  The  tube  A  is 
'»jH-n  t«»  the  iiir  at  the  toj»,  while  B  is  connected  by  means  of  a 
r»i]»]»er  tuU>  ^vith  tin.-  entnin<-e  tube.  E.  The  carboy  being  air 
ti^iit  ex^-eiit  f"r  tiie  tiil.tf  A,  the  rate  of  flow  must  depend  on 
tlje  difference  in  level  l^t-twtfcn  the  surface  of  the  water  in  the 
ea]'»rinietfr  and  the  luwer  end  of  A.  The  flow  will  therefoiv 
reniain  constant  until  the  level  «»f  the  water  in  the  carboy  lia.* 
fallen  l;<'lo\v  the  Inittoni  nf  the  tul»e  A.  As  a  matter  of  fact  F 
never  varied  ni«»rt-  that  01  jx-r  cent  in  an  hour  or  more.  F 
wa-  nj«'a.-ured  hy  weijidiing  the  water  discharged  in  a  known 
time. 

'Flie  correction  fnr  radiation  was  complicated  by  the  fact  that 
Th«*  water  in  the  calorimeter  did  not  come  quite  to  the  top,  but 
left  a  laver  of  air  two  or  three  centimeters  thick  between  the 
lid  and  the  surface  of  the  water.  For  this  reason  the  radiation 
cocfHci«-ijt  for  the  lid  was  less  than  for  the  sides  and  bottom. 
1'lic  two  coefficients  were  determined  as  follows:  On  a  wami 
<lay,  when  the  water  in  tlie  carl.M»y  was  several  degrees  cooler 
tliJin  the  air,  the  water  was  allowed  to  flow  through  the  calori- 
meter for  two  hunrs,  and  readin^rs  were  taken  of  T,  and  T,. 
The  rate  of  lh>w  was  also  determined  in  the  usual  way.  Since 
the  lamp  was  n<>t  ninnin*jr,  the  rise  in  temperature  must  have 
hcen  due  to  absorption  of  heat  from  the  air.  This  rise  was 
onlv  ahout  0  -3,  while  the  difference  between  the  temperature 
of  the  air  and  the  mean  temperature  of  the  calorimeter  was 
almo>t  r>''.  Hence  it  was  not  far  wrong  to  say  that  the  surface 
temptM-atun;  of  the  calorimeter  was  the  same  at  all  points,  and 
equal  to  the  mean  temperature  of  the  water.  This  experiment 
then  gave  the  sum  of  the  two  coefficients  Kj  and  R,.  The 
coellicient,  Ii„  for  the  lid  was  then  determined  separately.   ^A 
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thermometer  was  inserted  through  the  lid  of  the  calorimeter, 
(the  flow  beiig  stopped)  so  that  the  bulb  was  just  covered  by 
the  liquid.  Tne  water  being  about  4°  warmer  than  the  air,  its 
gradual  cooling  was  shown  by  the  thermometer.  Since  the 
sides  and  bottom  cooled  more  rapidly  than  the  top,  there  were 
no  convection  currents,  and  the  fall  in  temperature  shown  by 
the  thermometer  was  due  to  the  radiation  from  a  layer  of 
water  at  the  top  whose  depth  was  equal  to  the  length  of  the 
thermometer  bulb.  Th^  greater  part  of  this  radiation  must 
have  been  from  the  upper  surface.  Some  heat  escaped  from 
the  sides  of  the  layer,  but,  since  the  sum  R,4-R,  was  known, 
this  could  be  allowed  for,  and  R^  was  determined.  The  radia- 
tion from  the  cylindrical  surface  of  the  calorimeter  during  an 
actual  test,  depended  also  on  the  mean  surface  temperature. 
After  each  experiment,  therefore,  the  surface  temperature  was 
measured  at  seven  different  points  by  means  of  a  thermometer 
let  down  into  the  calorimeter  and  placed  as  close  to  the  sides 
as  possible.  A  curve  was  then  plotted  showing  the  distribu- 
tion of  surface  temperature.  The  mean  ordinate  of  this  curve 
gave  the  mean  temperature  of  the  cylindrical  surface.  The 
temperature  of  the  bottom  was  taken  as  equal  to  that  of  the 
water  entering,  and  the  temperature  of  the  top  as  equal  to  that 
of  the  water  leaving. 

To  test  the  accuracy  of  the  whole  method  we  made  several 
experiments  with  the  lamp  surrounded  by  a  copper  case,  which 
allowed  the  water  to  circulate  freely  and  yet  shut  off  all  the 
light.  The  heat  given  to  the  water  should  in  this  case  be  ex- 
actly equal  to  the  electrical  energy  consumed.  The  mean  of 
two  determinations  showed  the  agreement  between  the  heat 
enei^y  and  electrical  energy  to  be  within  0  25  per  cent. 

In  computing  the  results  we  used  Lord  Rayleigh's  determin- 
ation of  the  ohm,  viz : 

1  B  A  unit  =  O-OSeV?  true  ohms 

and  Rowland's  value  of  the  mechanical  equivalent  of  heat : 

1  calorie  =  4-179  10'  ergs,  at  20°. 

The  correction  for  the  absorption  of  light  by  the  calorimeter 
was  determined  photometrically.     Curves  were  found  connect- 
ing candle  power  and  potential  when  the  lamp  was  in  the  cal- 
onmeter  and  when   outside.     From  these  the  absorption  was 
calculated.     It  was  found  to  vary  from  25  per  cent  to  30  per 
cent. 

Another  needed  correction  was  dae  to  the  fact  that  water 
does  not  absorb  quite  all  of  the  dark  heat  from  a  highly  heated 
source.  It  seems,  as  Tyndall  lirst  pointed  out,*  that  the  pene- 
trating power  of  dark  heat  increases  as  the  temperature  of  the 

*  *'  Contributions  to  Molecular  Physics."    Tyndall,  p.  264. 
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source  rises.  The  correction  due  to  this  fact  was  determined 
as  follows :  The  radiations  from  the  lamp,  after  passing 
through  the  water  and  glass  of  the  calorimeter,  were  allowed 
to  fall  on  the  face  of  a  delicate  thermopile,  and  the  deflection 
of  the  galvanometer  in  circuit  was  observed.  A  small  cell  con- 
taining an  opaque  solution  of  iodine  in  carbon  disulphide  was 
then  placed  between  the  pile  and  the  lamp,  and  the  deflection 
again  observed.  The  iodine  solution  cut  off  the  light  entirely, 
but  allowed  the  dark  heat  to  pass  through.  The  ratio  of  the 
second  deflection  to  the  first,  therefore,  gave  the  ratio  of  the 
dark  heat  escaping  from  the  calorimeter  to  the  total  radiant 
energy  that  escaped.  It  was  found  that  a  little  less  than  one- 
third  of  the  energy  that  had  passed  through  the  glass  and 
water  of  the  colorimeter,  was  dark  heat.  This  correction  was 
detennined  for  each  particular  candle  power  at  which  the  lamp 
was  run. 

The  lamp  used  in  the  experiments  was  an  Edison  **  108  volt," 
16  C.  P.  lamp  with  a  cold  resistance  of  255  ohms.  This  lamp 
was  perfectly  new  when  the  tests  began.  Determinations  of 
the  energy  of  the  light  were  made  at  seven  different  candle 
powers;  the  results  are  given  in  the  following  table  : 


Lamp  A.     Edison. 


E.  M.  F. 


W 


74-2 

34-6 

91-6 

56-2 

97-3 

04 -6 

100-3 

69-3 

107-6 

81-6 

109-3 

84-4 

124-1 

115-4 

L 

L 

C.  P. 

L 

W 

C.  P. 

0-9 

0-18 

0-006 

0-59 

4-8 

0-68 

•012 

0-14 

7-3 

113 

•017 

015 

8-9 

1-62 

•023 

018 

14-6 

2-97 

•036 

020 

16-3 

4-57 

•054 

0-28 

38-2 

7-46 

•065 

0-19 

In  this  table  W  is  the  total  energy,  in  Watts ;  L  the  energ}' 
of  the  light,  also  measured  in  Watts ;  and  C.  P.  the  candle- 
power. 

Some  of  these  results  are  shown  graphically  in  fig.  3.  The 
curve  A  is  found  by  taking  as  abscissae  the  different  values 
of  W,  and  as  ordiiiates  the  corresponding  values  of  L.  The 
vertical  scale  is  about  ten  times  the  horizontal. 


II.  Deter  nan  at  to  Jis  made  with  the    Thermopile. 

I  returned  to  this  subject  in  1888  and  continued  the  investi- 
gation by  a  somewhat  different  method.  The  calorimeter  was 
abandoned,  and  for  absorbing  the  dark  heat  a  cell  one  deci- 
meter thick  containing  a  strong  solution  of  alum  was  used 
After  passing  through  this  cell  the  light  was  allowed  to  fall 
on  a  thermopile,  and  the  deflection  was  observed.     Then  the 
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nm  cell  was  removed  and  the  deflectioD  corresponding  to 
ttal  radiation  was  observed.  The  ratio  of  the  two  deflections 
ave  the  ratio  of  the  light  energy  to  the  total  energy.  The 
ital  energy  being  determined  by  electrical  measnrementB,  the 
Qei^  of  tiie  light  could  be  calculated. 

Fig.  2  shows  the  arrangement  of  the  apparatns.  The  lamp, 
>,  was  placed  close  behind  the  screen  W.  This  was  a  metallic 
easel  of  the  form  shown, 
nd  was  filled  with  water. 
i.  cylindrical  opening 
lirongh  the  center  allowed 
art  of  the  light  from  the 
imp  to  pass  through.  This 
jreen  prevented  any  heat 
rom  the  supports  of  the 
imp  from  reaching  the 
ile.  Beyond  this  water- 
3reen  was  the  cell  C  con- 
uning  the  solution  of  alum,  and  beyond  C  the  large  screen 

of  asbestuB  paper.  There  was  a  small  opening  in  this  screen, 
irectly  in  line  with  the  opening  in  W,  and  covered  by  a  raov- 
ble  piece  of  asbestos  paper  A.  The  pile  P  was  placed  with  its 
unnel-shaped  tube  about  5™  from  A.  Close  to  the  end  of 
be  other  tunnel  of  the  pile  was  the  asbeatus  screen  S',  which 
jrved  to  protect  the  right  hand  face  from  sndden  changes  of 
amperature.  The  total  distance  from  the  lamp  to  the  pile 
fas  about  two  feet. 

The  pile  contained  56  pairs  with  a  total  surface  of  aboat 
■6  "  '".  Wires  led  from  it  to  a  Thomson  tripod  galva- 
ometer  of  about  03  ohms  resistance.  The  galvanometer 
nd  scale  were  placed  at  soine  little  distance  from  the  pile,  and 
be  screen  S  was  between  the  pile  and  the  observer.  The  gal- 
anometer  was  so  delicate,  that  it  was  impossible  to  keep  its 
ero  point  from  drifting.  As  it  took  fully  four  minutes  for 
be  needle  to  reach  its  final  defiection  when  the  light  was  al- 
>wed  to  fall  on  the  pile,  and  as  the  lamp  current  was  not  at 
11  steady,  this  movement  of  the  zero  point  made  it  difiicnlt 
0  obtain  reliable  defiections,  but  a  peculiarity  in  the  manner 
fj  which  the  needle  reached  its  final  position,  simplified  the 
latter  greatly.  The  screen  A  could  be  suddenly  drawn  aside 
•y  means  of  a  cord  reaching  to  the  observer,  so  as  to  allow  the 
imp  to  shine  upon  the  pile.  When  this  was  done  the  spot 
■f  light  which  indicated  the  motion  of  the  galvanometer  nee- 
lle,  moved  quickly  to  one  sida  But  in  two  or  three  seconds 
t  began  to  move  more  slowly,  and  in  about  live  seconds 
topped,  moved  backward  a  short  distance,  and  then  on  again, 
•everal  of  these  maxima  and  minima  could  be  noticed  before 
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the  tinal  deileeti*>n  ms  reached.  The  needle  always  moved 
in  this  waT.  no  matter  whether  the  final  deflection  was  large  or 
small.  F^in£  a  steadv  ^as  flame  as  a  sonrce  of  heat,  and  tak- 
in^  special  preoaut:«>n5  to  avoid  drafts  of  air,  I  determined  the 
ratio  of  this  first  deduction  to  the  final  deflection  throughout 
the  range  of  deiiecti«>ns  used  in  these  experiments.  The  ratio 
was  constant  and  e»|nal  t'>  3^-6  per  cent  for  deflections  between 
2*5  and  !•»<-»  s<ralt  divisions.  For  deflections  less  than  20  the 
ratio  n.iist'  rapidlv  tM  5*j  per  cent  at  1'7  divisions.  The  curve 
found  by  f:li»nin^  this  ratio,  and  the  first  deflection,  resembled 
au  t^juilareral  hvperb«:»la  with  vertical  and  horizontal  asymp^ 
totes. 

In  the  experiments  with  incandescent  lamps  the  first  deflec- 
tion aktue  was  observed,  and  the  value  of  the  correspondinir 
final  deflectii»n  was  calculated  from  the  curve  just  de5cril>ei 
As  the  fir^t  maximum  was  reached  in  about  five  seconds  the 
em»r  from  chaiiire  of  zen>  point  was  very  small. 

The  propi»rtit»nality  of  deflections  to  heating  effects  was 
shown  by  plottiiiiT  a  curve  f«.»r  each  lamp  tested,  in  which  ordi- 
nates  represented  detlection'*  and  abscissa?  Watts  expended  in 
the  lamp.  In  everv  case  this  curve  was  verv  nearlv  a  straijrht 
line  jxt-Niing  through  the  oriiriu.  What  slight  variation  there 
was  might  In?  aocounteii  for  by  the  convection  from  the  glass 
of  the  lamp. 

In  the  actual  tests  the  alum  cell  C  was  first  removed  and  the 
deritoti«»n  c»»rresp« aiding  to  total  radiation  was  observed.  Then 
the  cell  was  places!  in  position,  and  the  deflection  due  to  the  light 
was  taken.  Finally  a  cell  eontaining  an  opaque  iodine  solution 
was  plared  bt-tween  the  alum  cell  and  the  pile,  and  the  deflec- 
tion airain  i.»b>crve«l.  Tiiis  g-ave  the  correction  for  dark  heat 
pa.--ini:  tlin.»ugh  the  alum.  In  each  case  the  correction  due  fo 
any  ditference  in  temperature  K'tween  the  pile  and  the  appa- 
ratus was  determined  by  takinir  the  deflections  when  the  lamp 
was  turned  •»ff.  The  e<»rrecti«»n  for  liorht  absorbed  was  found 
in  tiie  same  way  as  when  the  ealorimeter  was  used.  It  varied 
froiii  'ih  :er  cent  t»»  *>«»  \yr  cent  as  l»efore.  Only  about  10  per 
cent.  iiMWever,  of  the  radiatirms  passin<i^  through  the  alum, 
were  dark  heat.  For  low  candle  jK>wers  the  percentage  was 
rnnrrli  less  even  than  this. 

Tijo  la!n]>  current  was  nieasurerl  by  a  Thomson  ammeter, 
r-alibrdted  truni  the  larire  tautront  iralvanometer.  With  each 
lamp  te.-ted  the  curve  Ix^tweeii  current  and  Watts  was  deter- 
in  ined  once  for  all  by  measurements  with  the  galvanometer. 
Th<;  energy  expen^led  in  the  lamp  could  then  De  calculated 
from  its  current 

The  results  for  the  four  lamj>s  tested  by  this  method  are 
given  below.     As  in  table  A,  \V  is  the  total  energy  expended^ 
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sasured  in  Watts ;  L  is  the  energy  of  the  light,  also  meas- 
ed  in  Watts ;  and  C.  P.  is  the  candle  power. 

Lamp  B. 
Ad  Edison  16  C.  P.  Lamp.    Resistance  =  249  ohms. 


L 

L 

B.  M.  F. 

W. 

C.  P. 

L. 

w' 

O.P. 

630 

26-4 

0-3 

0-42 

0016 

1-61 

74-6 

37-8 

10 

0-77 

•021 

0-79 

85-4 

62-5 

2-6 

1-96 

•037 

0-78 

99-0 

72-2 

6-3 

4-30 

•059 

0-68 

1160 

1020 

15-2 

7-38 

•072 

049 

Lamp  C. 
Weston  16  C.  P.     Cold  resistance  =  402  ohms. 


L 

L 

B.  M.  F. 

W. 

C.P. 

L. 

W 

C.P.' 

720 

21-6 

0-4 

0-46 

0021 

1-27 

874 

33-5 

1-5 

1-10 

•033 

0-76 

1020 

47-8 

4-4 

2  09 

•044 

0-48 

117-0 

661 

10-7 

319 

•048 

0^30 

Lamp  D. 
Weston  16  0.  P.,  70  volt.     Resistance  =152  ohms. 


L 

L 

B.  M.  F. 

w. 

C.P. 

L. 

W* 

C.P.' 

43-0 

258 

0-5 

0-63 

0021 

1^06 

60-7 

360 

16 

0-97 

•027 

0-62 

60-5 

520 

6-2 

203 

•039 

0^39 

675 

656 

110 

3-95 

•060 

036 

Lamp  E. 
Bernstein  8  C.  P.     Resistance  =  1 1  '3  ohms. 


L 

E.M.F. 

W. 

C.P. 

L. 

w' 

122 

252 

0-2 

0-20 

0-008 

13^4 

308 

0-5 

0-41 

•013 

150 

40-4 

rs 

0^75 

•018 

16-4 

53-2 

4-1 

203 

•038 

C.P.' 

TOO 
0^84 
0  57 
0-50 


\ 


The  carves  of  light  energy,  L,  and  total  energy,  W,  for 
3se  four  lamps  are  shown  in  lig.  3. 

N'one  of  the  lamps  tested  were  of  the  most  recent  styles,  all 
ing  made  previous  to  1886.  All  of  the  lamps,  also,  except 
np  A,  had  been  used  a  greater  or  less  time  before  the  tests 
ire  mada  Lamps  B  and  E  especially  had  seen  a  great  deal 
use,  and  had  their  glass  globes  slightly  blackened. 
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The  cnrves  in  fig.  4  show  the  relation  between  candle  power 
and  light  energy  at  different  candle  powers.  Abscissse  are  the 
candle  powers  at  which  the  lamps  are  run,  and  ordinates  meas- 
nre  the  energy  of  the  light  per  candle  power,  or,  in  other 
words,  the  mechanical  equivalent  of  one  candle  power.  The 
numerical  values  of  the  ordinates  are  given  in  the  colunms 


headed  c:^.  of  the  tables.  It  will  be  seen  that  the  energy  per 
candle  power  varies  from  1-5  Watts  at  0*5  C.  P.  to  about  0*3 
Watts  at  16  C.  P.  In  every  case  the  intensity  of  the  light,  as 
measured  by  its  candle  power,  increases  more  rapidly  than  the 
energy  of  the  light. 

In  this  connection  it  is  interesting  to  compare  the  value  of 
the  mechanical  equivalent  of  a  canale  power  of  lamp  light, 
found  by  Dr.  J.  Thomson  some  twenty  years  ago.*  His 
method  was  similar  to  that  used  in  these  experiments.  A  cell 
of  distilled  water  was  used  instead  of  an  alum  solution,  and  no 
correction  was  made  for  the  dark  heat  passing  through.  To 
get  absolute  measurements  of  energy  he  standardized  his  ther- 
mopile by  means  of  Leslie  tubes.  He  found  the  energy  of 
one  candle  power  of  light  from  an  oil  lamp  to  be  2*5  Watts, 
and  for  a  gas  flame  and  a  standard  candle  the  value  was  very 
nearly  the  same.  This  is  considerably  larger  than  the  greatest 
value  that  I  found.  A  part  of  the  difEerence  might  be  ac- 
counted for  by  the  correction  for  dark  heat  passing  through 
the  water,  which  Dr.  Thomson  neglected ;  and  the  standards 
of  light  used  in  the  two  cases  may  have  been  diflEerent.  It  is 
hard  to  believe  that  the  temperature  of  the  incandescent  mat- 
ter in  an  oil  flame  is  less  than  that  of  a  lamp  filament  at  0*5 
C.  P.  Recent  spectrophotometric  determinations  by  Dr.  E.  L. 
Nichols  and  Mr.  W.  S.  Franklinf  show  that  the  light  from  a 

as  that  from  an 
seem  to  indicate 
that  the  incandescent  matter  in  a  gas  flame  is  at  about  the  same 
temperature  as  the  lamp  filament. 

*  Julius  Thomson.     "  Das  mechanische  Aequivalent  dea  Lichtes;'*     Pogg.  Ann. 
cxxv,  p.  348. 

t  Proc.  A.  A.  A.  S.,  Cleveland  meeting,  1888. 


gas  flame  is  of  almost  exactly  the  same  quality 
mcandeseent  lamp  at  16  C.  P.     This  would  s 
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»me  determinatious  of  the  radiation  from  incandescent 
>s  made  by  Capt.  Abney  and  Col.  Festing*  are  also  of  in- 
;t  in  this  connection.  The  radiations  from  the  lamp  were 
Brsed  by  a  prism,  and  the  increase  in  the  energy  of  each 
as  the  candle  power  was  raised,  was  measured  by  a  ther- 
ile.  The  curves  found  for  diflEerent  wave-lengths  were 
oximately  parabolas  with  vertical  axes.  The  summation 
number  of  such  curves  should  evidently  give  a  curve  sim- 
to  those  found  in  my  experiments. 

bere  is  another  way  of  looking  at  the  results  of  these  ex- 
ments,  which  may  be  of  some  practical  interest.     An  in- 
lescent  lamp,  in  fact  any  artificial  source  of  illumination, 
be  considered  as  a  machine  for  producing  light.     Energy 
3me  form  being  supplied,  the  machine  transforms  a  cer- 
portion  of  this  energy  into  luminous  vibrations.      Now 
efliciency  of  any  machine  is  the  ratio  of  the  useful  work 
5  by  it  to  the  energv  expended.     The  efficiency  of  an  in- 
lescent  lamp,  therefore,  is  the  ratio  of  the  energy  given 
\&  light,  to  the  total  energy  consumed.     This  efficiency,  for 
lamps  tested,  can  be  determined  from  the  results  already 
n  by  dividing  the  values  of  L  by  the  corresponding  val- 
of  W.     The  values  of  this  quotient  are  given  in  the  ta- 
bles of  results.     The  curves  of 
efficiency  and  total  energy  are 
shown  in  Fig.  6.     The  largest 
value  found  for  the  efficiency 
was  slightly  over  7  per  cent. 

It  will  be  noticed  that  this 
"  luminous    efficiency,"    as    it 
might  be  called,  does  not  corre- 
spond at  all  with  the  commer- 
cial   efficiency   of    the    lamp. 
e  for  example  the  two  Edison  lamps  A  and  B.     A  was 
and  fairly  efficient,  commercially,  for  lamps  made  at  that 
;,  giving  16  C.  P.  at  about  80  Watts;  B  was  old,  and  com- 
cially  very  inefficient,  giving  16  C.  P.  at  something  over 
Watts.      Yet  the  efficiency  of  A  as  a  light  machine  was 
3*5  per  cent  at  16  C.  P.,  while  that  of  B  was  7*4  per  cent ! 
difference  must  be  in  the  quality  of  the  light, 
r.  Thomson,  whose  article  on  this  subject  has  already  been 
rred  to,  made  several  determinations  of  the  efficiency  of 
nd  gas  flames.     He  found  that  about  two  per  cent  of  the 
ant  energy  was  light.     This  low  value  of  the  efficiency  is 
>ably  not  due  to  the  low  temperature  of  the  incandescent 
ion  of  the  flame,  but  rather  to  the  fact  that  the  heated 

Relation  between  Klectric  Energy  and  Radiation,  in  Incandescent  Lamps." 
Aboej  and  Col.  Festing     Proc.  Roy.  Soc.,  vol.  xxxvii,  p.  157. 
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gases  around  the  flame  radiate  a  considerable  amount  of  heat 
to  the  pile,  and  yet  give  oflF  no  light.  Dr.  ThomBon  also  found 
that  only  about  15  per  cent  of  the  heat  of  combuBtion  was  n- 
diated,  the  remaining  85  per  cent  being  lost  by  convectioD. 
The  true  efficiency  of  an  oil  lamp  as  a  light-making  machiDe 
is  therefore  only  about  0'3  per  cent,  or  one-tenth  that  of  an 
incandescent  lamp. 

It  will  thus  l>e  seen,  as  has  already  been  pointed  out  by  sev- 
eral writers,  that  the  incandescent  lamp,  tnough  an  immen^ie 
improvement  on  gas  and  oil  lamps,  is  still  far  from  being  an 
efiicient  light-making  machine.  Whether  a  light  macnine 
will  ever  be  found  whose  efficiency  is  much  greater,  it  is  of 
course  impossible  to  say,  but  it  is  a  question  which  merits  the 
serious  attention  of  investigators. 


Art.    XX. — Geolorjy  of  Fernando   de   Noronha.     Part  II. 
Petrography}  by  George  H.  Williams.* 

What  has  heretofore  been  published  in  regard  to  the  petrog- 
raphy of  tlie  island  of  Fernando  de  Noronha  is  inconsiderable. 
but  this  fact  is  due  to  the  difficulty  in  obtaining  access  t<> 
the  locality  and  the  conse(iuent  rarity  of  material  rather  than 
to  anv  lack  of  interest  in  the  rocks  themselves. 

The  volcanic  nature  of  the  island  and  the  true  character  of 
its  prevailing  rock  (phonolite)  were  recognized  by  Darwin  in 
1882.t  The  place  was  visited  by  the  Challenger  party  in  1873. 
from  one  member  of  which  (Willemoes-Simm)  Gumbel  ob- 
tained a  single  sj)ecimen  of  the  phonolite  which  he  analyzed 
and  examined  microsco])ically  in  1879.:]:  Other  specimens  col- 
lected l)y  Mr.  <r.  Y.  Buchannan,  also  a  naturalist  of  the  Chal- 
lenger expedition  in  1873,  from  islands  of  the  Fernando  group, 
although  not  from  Fernando  de  ]Xoronha  itself  w^ere  described 
by  Abbd  lieiiard  in  1882.JJ  He  ligures  and  give^^  the  micn> 
scopic  characters  of  a  phonolite  from  St.  Michael's  Mount  (Sella 
a  Gineta)i|  and  of  a  neplieline  basalt  from  Rat  Island  (Ilha 
Rapta)  with  an  analysis  of  the  latter.  He  also  mentions  afeld- 
si>ar  l)asalt  from  Platform  Island  (Sao  Jos^,  and  a  calcareon> 

*  For  Part  I,  see  ])afre  145  of  this  volume. 

f  Geoloji^iciil  Observations  on  Volcanic  Islands,  London.  1844,  p.  23. 

i  Ts(?hermak'H  Mineralo«risclie  und  Petrojifrapliische  Mittheilungen,  ii,  p.  1?S. 
1879. 

§  Notice?  sur  les  roclics  de  Tile  de  Fernando  Xoronha,  Bull.  d.  TAcad.  rov.  de 
Belg.  (:})  III.  No.  -1.   1882. 

I  It  i.s  probable  that  the  phonolite  specimen  studied  by  Gvimbel  canao  from  thi? 
locality,  as  the  (/hailen^er  party  appear  not  to  liave  landed  for  scientific  purposes 
on  Fernando  do  Noronha  itself.  ((.7.  \Vy  ville  Thompson's  narrative,  The  AtUntic 
II,  p.  115,  1877.) 
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tuff  containing  fragments  of  basalt  and  palagonite,  from  both 
Platform  and  Rat  Islands.  At  the  Aberdeen  meeting  of  the 
British  Association  in  1885,  Kenard  made  a  further  verbal  com- 
munication on  the  Fernando  rocks,  and  the  complete  results  of 
his  researches  will  be  published  in  the  Challenger  reports. 

The  collection  of  Fernando  rocks  placed  in  my  hands  for 
examination  numbers  thirty-four  specimens.  They  were  se- 
lected as  a  representative  suite  from  a  much  larger  collection 
made  by  Proiessor  Branner  in  1876  and  now  deposited  in  the 
National  Museum  at  Rio  de  Janeiro.  Specimens  from  this 
same  collection  were  also  sent  by  Professor  Derby  to  Professor 
Rosenbusch  who  mentions  the  following  types:  nephelinoid 
phono^ite  with  inclusion  of  eleolite-syenite,  nepheline  basanite, 
nephelinite,  and  augitite.* 

Mr.  A.  C.  Gill,  Fellow  of  the  Johns  Hopkins  University, 
made  a  preliminary  examination  of  the  collection  here  de- 
scribed, identifying  the  following  species  :  phonolite,  nepheline- 
basanite,  nepheline-basalt,  nephelinite,  basalt-glass  and  tuff.f 

Another  large  collection  of  specimens  appears  to  have  been 
made  by  a  party  from  the  British  Museum,  who  spent  six 
weeks  on  the  island  of  Fernando  de  Noronha  in  1887,  and  from 
whom  still  further  petrographical  descriptions  may  be  ex- 
pected.:}: 

Of  the  thirty-four  specimens  in  Professor  Branner's  collec- 
tion, one  {%^)  is  travertine,  and  three  othere  (18,  20  and  118), 
on  account  of  their  extremely  altered  and  friable  condition, 
were  not  particularly  studied.  In  most  of  the  remaining  thirty 
nepheline  is  present,  although  in  certain  of  the  lightest  colored 
and  most  acid  rocks  its  presence  could  not  be  established,  while 
in  the  more  glassy  of  the  basalts,  if  the  requisite  constituents 
for  its  formation  exist  in  the  base,  they  have  not  come  to  act- 
ual crystallization. 

The  specimens  may  be  assigned  to  the  following  petrographi- 
cal types : — 

I.   Trachytes  and  Andes ites. 

Hornblende  trachyte 1 0,  12 1 ,  and  129. 

Hyalotrachyte 19. 

Hornblende  andesite 131. 

n.  JPhofwlite,     1,  6,  9,  35,  40,  41,  43,  51,  52,  88,  137. 

•Die  masBigen  Gesleine,  2d  ed.  1887,  pp.  91,  618,  624,  628,  769.  785,  802,  821. 

\  Petrographical  notes  on  a  rock  collection  from  Fernando  Noronha  (preliminarj 
Dotioe.)  Johns  Hopkins  University  Circulars,  VII,  p.  71,  No.  65.  April,  lb88. 

tBev. T.  8.  Lea:  The  island  of  Fernando  de  Noronha  in  1887.  Proc.  Roy. 
^««gr.  Soc.,  X.  424,  1888. 
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III.  Basalt  in  Mocks. 

Nepheline  basanite 31,  34. 

N  ephelinite-dolerite 2. 

Nepheline  basalt 45,72,27. 

Augitite   116. 

Limburgite    14,65. 

Basalt  bombs 3,  48,  58. 

Basalt  tuffs   54,62. 

I.   Trachyte. 

Darwin  observed  at  the  base  of  Fernando  de  Noronha  beds 
of  whitish  tuff  cut  by  dykes  of  trachyte,*  and  Professor  Bran- 
nerf  states  that  these  soft  light-colored  rocks  have  a  very  con- 
siderable development  at  low  levels  and  at  the  base  of  certain 
of  the  eminences,  notably  Atalaia  Grande  and  Morro  Francez. 

No.  121.  Amphibole-Trachyte.  East  base  of  Morro  Francez.— 
This  rock  is  a  very  light  greenish  gray,  liomogeneous  and  com- 
paratively compact  mass,  in  which  porphyritic  crystab  of 
sanidine  and  l)lack  hornblende  are  only  rarely  discernible 
Under  tlie  microscope  the  thin  section  shows  the  same  poverty 
in  porphyritic  crystals  as  the  hand-specimen.  Two  or  three 
sharply  defined  Carlsbad  twins  of  sanidine  and  a  single  crystal 
of  dark  brown,  intensely  pleochroic  hornblende  are  all  that  are 
present.  The  main  mass  of  the  rock  is  composed  of  a  rather 
coarse-grained  aggregate  of  feldspar  crystals  in  two  forms. 
The  most  abundant  are  short  rectangular  sections  with  well- 
defined  outlines  and  a  zonal  structure,  often  more  altered 
internally  than  at  the  periphery  ("  orthophyric  feldspar"  of 
Kosenbusch).  The  other  feldspar  is  in  narrow  acieular  or  lath- 
shaped  microliths  (''trachytic  feldspar"  of  Rosenbusch).:f  In 
this  aggregate  are  further  observable  irregular  patches  of  a 
brown  glohulitic  glass ;  abundant  sharp  octahedrons  of  magnetite; 
minute  brightly  j)olMrizing  needles  too  small  to  be  positively 
determined  but  doubtless  pyroxene  microliths  with  a  very  hign 
extinction  angle;  small  diamond-shaped  crystals  of  titanite; 
and  finally  occasional  minute,  but  very  sharp  dodecahedral 
(rarely  octahedral)  crystals  which  are  transparent  with  a  violet 
color  and  which  may  be  perofskite,  although  their  amount  is 
too  small  in  this  s]:)e(*imen  to  allow  of  their  certain  identifica- 
tion. §  The  general  structure  of  this  rock  is  such  as  is  included 
by  Kosenbusch  under  the  Drachenf els-type.  The  powder  of 
the  rock  is  not  materially  attacked  by  strong  chlorhydric  add 

*  Geological  observations  on  Volcanic  Islands,  1844,  p.  23. 
f  Vid.  ante,  p.  9. 

\  Die  massigen  Gesteine,  2d  ed.,  pp.  594-5. 

^  In  a  letter  from  ProfesRor  Renard  dated  Jan.  30th,  188*7  he  annoaooes  to  the 
writer  his  identification  of  perofskite  and  sodalite  in  the  Fernando  phonolita 
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►r  can  the  section  be  etched,  except  in  the  occasional 
itches  of  glass,  hy  the  same  reagent.  Mr.  Gill  determined  by 
eans  of  the  Thoulet  solution  that  all  the  powder  of  this  rock, 
:cept  its  heaviest  components  (magnetite,  hornblende,  titanite, 
c),  had  a  specific  gravity  between  2-657  and  2*455.  All  of 
eee  tests,  as  well  as  the  general  character  and  structure  of  the 
►ecimen  seem  to  show  conclusively  that  it  contains  no  nephe- 
le. 

No.  129,  from  a  dyke  cutting  the  rock  last  described,  pos- 
sses  a  somewhat  anomalous  character.  The  lack  of  a  com* 
ete  analysis,  together  with  the  altered  condition  of  this  speci- 
len  makes  it  difficult  to  define  its  exact  position,  but  it 
pobably  belongs  somewhere  between  the  trachytes  and  ande- 
t«a  A  macroscopic  examination  is  able  to  detect  only  a  gray, 
>mewhat  vesicular  groundmass,  enclosing  occasional  needles  of 
lack  hornblende.  The  vesicles  are  elongated  in  the  direction 
f  movement  in  the  mass  before  its  solidification  and  are  coated 
ith  calcite  and  minute  crystals  of  analcite. 

The  microscope  discloses  crystals  of  brown  hornblende  and 
orplish  gray  augite  imbedded  in  a  fine  network  of  long,  lath- 
laped  microliths.  These  latter  when  examined  with  a  high 
ower  show  a  very  weak  double  refraction,  suggesting  melihte 
p  nepheline.  Their  habit,  however,  diflFers  wholly  from  that 
f  these  minerals,  while  their  resistance  to  the  action  of  strong 
blorhydric  acid  leaves  little  doubt  that  they  are  feldspar, 
"hese  little  microliths  are  often  quite  completely  changed  to 
Ucite,  and  yet  there  is  rarely  visible  the  twinning  striation 
liaracteristic  of  the  members  of  the  plagioclase  series.  A  spe- 
ific  gravity  determination  yielded  no  satisfactory  results  on 
3Count  of  the  alteration  of  the  rock,  the  fineness  of  grain  and 
itimate  admixture  of  magnetite.  There  was  a  contniual  fall 
f  the  light-colored  portions  of  the  powder  in  the  Thoulet 
>lution  between  the  limits  of  andesine  and  sanidine,  but  the 
resence  of  magnetite  grains  and  zeolites  prevented  any  con- 
lusion  being  drawn  from  this  fact.  The  only  other  original 
^nstitnent  observed  was  biotite,  in  very  minute  but  sharply 
efined  hexagonal  plates.  This  is  very  abundant.  The  anal- 
ite  of  the  vesicles  shows  between  crossed  Nicols  its  anomalous 
ouble  refraction  in  great  perfection.  The  percentage  of  silica 
1  this  rock  was  determined,  by  Mr.  John   White,  Jr.,  as  50*1. 

No.  10.  Ampliibole  Trachyte,  base  of  Atalaia  Grande. — This 
>ecimen  presents  a  pale  gray  lithoidal  groundmass  similar  to 
le  last,  but  the  porphyritic  constituents  are  here  much  more 
bundant.  These  consist  of  glassy  idiomorphic  sanidine  crys- 
Js,  black  idiomorphic  hornblende  crystals,  and  rusty  yellow 
K)tri  where  some  mineral  no  longer  determinable  has  weath- 
red  out     Under  the  microscope  the  sanidine  appears  quite 
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fresh,  although  it  is  often  surrounded  by  a  rusty  border  proba- 
bly the  result  of  infiltration.  The  hornblende  is  dark  brown 
with  almost  complete  absorption  |  c.  It  is  surrounded  by  i 
border  of  magnetite  and  augite  grains  frequently  associated 
with  sphene  crystals.  The  yellow  spots  macroscopically  visible 
mark  the  position  of  some  mineral  rich  in  iron  which  has  now 
wholly  disappeared.  They  appear  as  a  lar^  yellow  stain  in 
which  irregular  bits  of  some  opaque  iron  oxide  or  a  gronp  of 
sphene  crystals  are  occasionally  clustered.  The  whole  ground- 
mass  of  the  rock  is  also  everywhere  spotted  with  similar,  but 
much  smaller  yellow  stains,  which  have  resulted  from  the  rust- 
ing of  minute  magnetite  crystals.  The  groundmase  itself  con- 
sists of  a  felt-like  network  of  minute  slender  feldspar  micro- 
liths,  with  a  large  amount  of  non-polarizing  interstitial  matter 
(colorless  glass).  The  same  small  brightly  polarizing  needles 
with  high  extinction  angle,  noticed  in  the  last  specimen,  are 
also  present  in  this.  Strong  chlorhydric  acid  attacks  this  rock 
to  a  certain  extent,  but  this  is  due  only  to  the  presence  of  the 
glassy  base.  No  indication  was  discovered  of  the  presence  of 
nepheliue.  It  was  determined  by  Mr.  Coates  to  contain  556 
per  cent,  of  SiO,. 

No.  19.  Hyalotrachyte,  Bahia  do  Sueste. — This  specimen  and 
No.  20,  which  was  not  examined  microscopically,  present  a  soft 
chalky  mass,  of  a  white  or  cream  color,  and  contain  no  por- 
phyritic  crystals.  Under  the  microscope  only  microliths  of 
sanidine  are  visible  which  show  in  their  arrangement  a  decided 
flow-structure  and  are  imbedded  in  a  very  large  proportion  of 
a  somewhat  globulitic  glass.  The  structure  of  this  rock  is 
typically  traclijtic  and  quite  porous. 

No.  131.  Hornblende  andesite,  loose  pebbles  from  the 
beach. — This  contains  abundant  large  crystals  of  plagioelase 
and  a  few  of  brown  hornblende  scattered  through  a  reddish, 
somewhat  vesicular  groundmass.  No  other  porphyritic  con- 
stituents are  present.  The  groundmass  is  made  up  of  plagio- 
elase microliths  showing  flow  structure,  and  occasional  minnte 
green  augite  grains,  imbedded  in  a  glassy  matrix  which  is 
itself  aj)parently  colorless,  but  rendered  nearly  opaque  by  the 
amount  of  magnetite  dust  present  in  it. 

11.   Phonollte, 

The  eleven  specimens  of  typical  phonolite  in  Professor 
Branner's  collection  all  come  from  the  eastern  half  of  the  main 
island  and  were  collected  either  along  the  north  shore  as  far 
west  as  the  Peak,  or  on  the  line  joining  this  eminence  with  the 
one  on  the  soutli  shore  called  Atalaia  Grande.  All  are  repre- 
sentative nephelinoid  phonolites,  gelatinizing  readily  with  acid 
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ind  possessing  the  compact  structure  and  somewhat  oily  luster 
characteristic  of  that  rock.  ^  The  specimens  vary  considerably 
m  the  relative  abundance  of  their  porphyritic  crystals,  range 
in  color  from  dark  green  to  pale  grey,  and  differ  in  their  micro- 
scopic composition  and  structure,  ^o  relation  could,  however, 
t>e  discovered  between  these  differences  and  the  areal  distribu- 
tion of  the  rocks.  The  St.  Michael's  Mount  (Sella  d  Gineta) 
phonolite  described  by  Renard  is  not  represented  in  this  collec- 
tion. 

The  distribution  of  the  phonolite  specimens  (cf.  map)  is  as 
follows:  No.  137,  N.E.  corner  of  island,  between  the  village 
and  Bahia  de  Sto.  Antonio.  Professor  Branner's  notes  say, 
•*  This  is  the  rock  most  common  east  of  the  village  along  the 
north  shore  of  the  island."  Nos.  1  and  35,  Pedra  da  Oonceijao. 
Nos.  51,  52  and  88,  Peak.  Nos.  41  and  43  north  of  Atalaia 
Grande  from  loose  blocks.     Nos.  5,  9  and  40  Atalaia  Grande. 

The  phonolites  of  Fernando  de  Noronha  are  remarkable  for 
having  a  columnar  parting  more  prominently  developed  than 
the  separation  into  plates  parallel  to  the  cooling  surface,  so 
common  in  this  rock. 

With  reference  to  their  microscopic  characters  the  specimens 
of  phonolite  at  hand  may  be  arranged  as  follows : 

I.  Nephdine  of  the  groundmass  in  distinct  crystals  ;  green  huili- 

ccUe  in  compact  stout  crystalloids. 

Grain  fine,  little  brown  hornblende,  no  hauyne No.  41 

Grain  fine,  black  hauyne  abundant,  no  hornblende 9 

Grain  very  fine,  hauyne  and  sphene,  but  no  hornblende 40 

Grain  very  fine,  like  last  without  hauyne 35 

II.  Nepheline  of  the  groundmass  moderately  distinct;    greeti 

hisilicate  in  more  or  less  radiating  oceUar  sheaves, 

Ocellar  sheaves  very  distinct 43 

Sheaves  less  distinct ;  nepheline  crystals  plainer 5 

HI.  Nepheline  of  the  groundmass  indistinct ;  green  bisilicate  not 

prominent, 

Porphyritic  nepheline,  hauyne,  sphene,  flow  structure 51 

Porphyritic  nepheline,  hauyne,  eutaxitic  structure 88 

Porphyritic  nepheline,  hauyne,  brown  hornblende,  dull  ground- 
mass  137 

Groundmass  dull  and  opaque,  hauyne,  brown  hornblende 1 

Like  last 52 

The  constituent  minerals  agree  very  closely  with  the  diag- 
nosis given  by  Professor  Rosenbusch  for  the  components  of 
typical  phonolite. 

Am.  Joub.  Sci.— TmED  Series,  Vol.  XXXVIf,  No.  219.— March,  1889. 
12 
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The  »anidine  is  abundant  in  all  specimens  both  as  porphyritie 
crystals  and  in  the  groundmass.  The  former  have  a  flat  tabu- 
lar habit  parallel  to  their  plane  of  symmetry,  which,  as  a  rule, 
lies  parallel  to  the  cleavage  of  the  rock.  Carlsbad  twins  are 
rather  the  rule  than  the  exception.  This  mineral  is  yoon^ 
than  the  hauyne  but  of  about  the  same  age  or  a  little  youn^ 
than  the  porphyritie  nepheline.  In  some  cases  (No.  9)  a 
continuation  of  the  growth  of  an  intratelluric  crystal  may  be 
seen  to  have  taken  plac^during  the  final  period  of  consolida- 
tion. The  sanidine  of  the  groundmass  consists  of  lath-shaped 
niieroliths,  which  often  exhibit  in  their  arrangement  a  well 
marked  flow  structure.  (No.  51.)  Brown  hornblende  occuiv 
only  in  sparsely  disseminated  porphyritie  crystals;  never  in 
tlie  groundmass.  It  is  not  present  in  all  the  thin  sections,  bnt 
this  may  be  accidental  as  the  hand  specimens  show  no  marked 
differeirce  in  this  respect.  Is  is  always  surrounded  by  the  mag- 
netite corrosion-rim  showing  that  it  must  have  been  wholly  a 
product  of  intratelluric  crystallization.  Within  this  rim  sphene 
is  of  freijuent  occurrence.  Around  the  outside  of  the  magne- 
tite rim  is  a  fringe  of  minute  crystals  of  green  pyroxene 
(jTpgirine).  The  hornblende  is,  in  some  cases  at  least,  j'onoger 
than  the  hauyne.  Its  pleochroism  is  as  usual,  but  particularly 
strong. 

Hauyne  is  abundant  in  many  of  the  specimens.  Its  well  de- 
fined crystal  outline  shows  it  to  l)elonfir  to  the  earliest  secretions 
of  the  magma,  as  d(>es  also  its  inclusion  in  all  the  other  eonstito- 
ents.  It  is  in  every  instance  colorless  but  filled  with  its  char- 
acteristic opaque  inclusions  which  in  one  section  (No.  9)  are  so 
numerous  as  to  make  the  mineral  appear  nearly  black.  Altera- 
tion to  zeolites  and  to  calcite  are  common  ;  the  latter  being  the 
ground  for  referring  the  mineral  to  hauyne  rather  than  to 
nose  an. 

Tse])h('line  is  very  freciuent  in  porphyritie  crystals  which 
often  possess  a  diameter  of  a  millimeter  or  more.  In  this 
form  it  belongs  to  tlie  oldest  crystallizations  of  the  magma. 
As  a  eonstituent  of  the  groundmass  it  is  sometimes  very  dis- 
tinct in  short  stout  erystals  sliowing  well  defined  hexagonal  or 
rectangular  outlines.  In  other  eases  it  is  poorly  individualized 
and  indistinct.  The  green  l)isilicate  constituent  of  the  Fer- 
nando plionolites  is  without  doubt  an  alkaline  pyroxene 
(jegirine),  although  its  optical  ju'onerties  are  so  like  those  of 
hornblende  that  in  minute  individuals  devoid  of  crystalline  form, 
it  is  not  strange  that  it  should  be  confused  with  this  mineral 
As  a  j)orphyritic  eonstituent  it  is  rare  and  unimportant,  the 
crystals  being  always  comparatively  small.  These  generall? 
exhibit  a  zonal  structure,  with  a  gray  or  violet-colored  center 
and  a  weak  pleochroism.  In  the  groundmass  the  SBgirine 
occurs  either  as  short  stout  crystalloids  or  in  more  or  less  ndi- 
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atinfi^  "ocellar"  tnfte  crowded  with  small  nepheline  crystals. 
Its  lack  of  well  developed  form  indicates  that  it  was  a  late 
prodact  of  crystallization.  The  late  Prof.  C.  E.  Wright  deter- 
mined the  inclination  of  the  axis  of  greatest  elasticity  (a)  to  the 

vertical  axis  (<?)  as  between  7°-42'  and  16°;  double  refraction 
negative.  Among  the  more  compact  crystalloids  in  the  ground- 
mass  of  No.  41  a  few  cross-sections  were  found  which  showed 
the  prismatic  development.  These -sections  were  hexagonal 
bounded  by  (110)  and  (100),  while  (010)  is  wanting.    The  pleo- 

chroism,  which  is  often  quite  strong,  is :  J  (b)  green ;  c  (o  nearly) 

freen ;   a  (c)  yellow ;    absorption.    a>    b^  c.     All  of  these 
eterrainations  agree  closely  with  those  given  by  Rosenbusch.* 
The  other  minerals  observed  were  sphene,  magnetite  and 
very  sparingly  apatite,  all  of  which  present  their  character  usual 
in  the  phonolites.     Noticeable  for  the  sphene  is  its  frequent 
occurrence  in  the  black  corrosion  rims  around  the  hornblende. 

A  point  of  considerable  interest  with  regard  to  the  Fer- 
nando phonolit-es  is  the  possible  occurrence  in  them  of  inclu- 
sions oi  eleolite-syenite  as  mentioned  by  Prof.  Rosenbusch.f 
The  material  in  hand  is  not  however  sufficient  to  definitely 
decide  this  question.  In  a  communication  from  Prof.  Orville 
Derby  of  Rio  de  Janeiro,  in  whose  hands  the  entire  collection 
made  by  Professor  Braijiner  formerly  was  and  who  still  has 
charge  of  the  greater  part  of  it,  he  says  that  in  this  large 
amount  of  material  only  a  single  specimen  showed  any  sign  of 
such  an  inclusion.  This  was  a  pale  gray  and  rather  coarse 
grained  phonolite  from  the  Peak  (No.  50)  which  contained  a 
sharply  defined  inclusion,  apparently  of  a  typical  eleolite-syen- 
ite about  3"°  square.  Of  this  inclusion  and  a  portion  of  the 
surrounding  phonolite  one  fragment  was  sent  by  Prof.  Derby 
to  Prof.  Rosenbusch  and  another  to  myself.  Prof.  Derby  has 
also  kindly  furnished  me  with  a  photograph  of  this  specimen. 
If  the  inclusion  is  really  an  eleolite-syenite  it  belongs  to  an 
exceptionally  porphyritic  type,  inasmuch  as  more  than  one-half 
of  its  small  area  (8  X  3°°)  is  occupied  by  a  single  crystal  of  a 
blue  iridescent  orthoclase  (2x1^*^").  Both  Profs.  Derby  and 
Branner  agree  that  inclusions  of  this  sort  must  be  of  rare 
occurrence  in  the  Fernando  phonolites4  and  in  no  way  com- 
parable to  those  so  abundant  in  the  tinguaites  of  the  Rio  de 
Janeiro  neighborhood.  Prof.  Derby  is  inclined  to  regard  this 
inclusion  as  an  early  and  intratelluric  secretion  of  the  phonolite 
magma.     This  view§  may  derive  some  support  from  the  fact 

•  Pie  masaiffen  Gesjeine,  2d  ed.,  p.  616. 
Die  maasigeD  Gestoine,  2d  ed.,  pp.  91,  628  and  821. 
Quart.  Jour.  Qeol  Soc ,  xliii.  p.  459,  18H7. 

]  Opinion  expressed  in  a  letter  to  the  writer  (cf.  reference  just  cited  and  Neuea 
JaEr^bodi  fOr  Min.,  etc.,  1887,  II,  p.  258.) 
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that  another  phonolite  specimen  of  this  collection  (No.  5)  do» 
undoubtedly  contain  such  coarsegrained  secretions  composed 
of  large  crystals  of  nepheline  and  sanidine.  The  appearance 
of  these  is  however  undeniably  different  from  that  of  the 
apparent  inclusion  ;  and,  in  the  absence  of  more  abundant 
material,  the  writer  would  refrain  from  expressing  a  decided 
opinion. 

III.  Basaltic  Rocks, 

No.  31.  Nepheline-basanite,  Sao  Jose  Island. — This  is  averv 
compact  black  rock  in  which  minute  crystals  of  olivine  and 
augite  are  niacroscopically  visible.  Under  the  microscope 
these  two  constituents  are  seen  to  be  present  in  abundant  well- 
formed  crystals  possessing  their  usual  characters.  The  ground 
mass  in  which  they  are  imbedded  is  a  fine  holocrystalline 
aggregate  of  augite  and  plagioclase  microliths  and  magnetite 
grains.  Some  interstitial  nepheline  is  also  present,  but  this  i^ 
of  so  small  amount  as  to  ally  tliis  rock  to  the  feldspar  basalts. 

No.  34  is  a  fragment  of  a  coarsely  granular  inclusion  or  secre- 
tion in  the  last  described  specimen.  It  is  composed  of  per- 
fectly fresh  olivine  and  enstatite  with  hardly  a  trace  of  any 
other  mineral,  and  is  analogous  to  the  so-called  "  olivine  boml>fi,'' 
common  in  many  basaltic  rocks  but  whose  origin  is  still  a  mat- 
ter of  discussion. 

No.  2.  Ne])lielinite-dolerite. — A  dark  gray,  coarse  grained 
rock  collected  in  the  N.E.  part  of  the  main  island,  but  nowhere 
found  in  situ.  Long  black  crystals  of  augite  and  small  grains 
of  olivine  are  macroscopically  visible.  The  microscopic  char- 
acter of  this  rock  agrees  very  exactly  with  Rosen busch's  de- 
scription of  the  doleritic  type  of  nephelinite  ;*  and,  in  spite  of 
its  comparatively  large  amount  of  olivine,  it  is  here  assigned 
to  this  class  on  account  of  its  close  resemblance  to  the  classic 
c)C(airrences  at  Meiches  and  Liibau. 

The  structure  of  this  rock  is  holocrystalline  and  granular 
(ltyj)ulian(orph-korni(f  in  the  sense  of  Rosenbuschf)  like  that 
of  a  plutonic  mass.  Its  most  prominent  constituent  is  augite. 
whose  jet  black  crystals  are  often  a  centimeter  or  more  in 
length  and  impart  to  the  hand-specimen  a  porphyritic  appear- 
ance. Under  the  microscope  these  crystals  have  a  brownish 
red  color,  a  decided  ])leoehroism  and  a  distinct  zonal  structure. 
The  colors  of  the  different  rays  are  c  and  6  reddish  brown;  o 

greenish   yellow;  absorption   c>b// o.     The  outer    zones  are 

invariably  more  intensely  colored  (i.  e.   richer  in  ferric  iron) 

*■'  "  

than  the  inner  and  are  hence  more  pleochroic.     The  hour-glass 
structure  is  also  frequent  as  a  form  of  zone  growth.     The  ex- 

*  Die  raassigen  Gesteiue,  2d  ed.,  p.  791. 
fib.,  p.  11. 
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tinction  an^le  is  very  high  and  twinning  lamellae  intercalated 
parallel  to  tne  orthopmacoid  (Oil)  of  common  occarrence.  To 
all  appearances  this  aagite  is  identical  with  that  of  the  Kaiser- 
Btnhi  basalts  which  has  been  studied  by  Knop  and  found  by 
him  to  be  titaniferous.* 

The  olivine  of  this  rock  is  in  some  slides  quite  abundant ;  in 
others  less  so.  It  is  very  fresh  and  of  a  pale  yellow  color.  It 
occurs  commonly  in  small  grains,  but  more  rarely  in  sharp 
crvstals. 

The  colorless  component  is  for  the  most  part  nepheline  in 
large  crvstals,  easily  recognized  by  negative  uniaxial  character, 
its  parallel  extinction,  lacK  of  cleavage  and  the  ease  with  which 
it  is  attacked  by  acids.  Its  specific  gravity  is  from  2*61  to 
2-59. 

An  unstriated  feldspar,  probably  sanidine,  is  present  in  small 
quantity,t  and  also  occasionally  particles  of  a  striated  feld-spar. 

Sodalite  in  irregular  patches  is  present  in  almost  every  sec- 
tion, its  isotropic  substance  being  penetrated  in  every  direction 
by  brightly  polarizing  needles  of  some  zeolite  which  has  re- 
sulted from  its  alteration. 

Apatite  is  abundant  in  its  characteristic  forms.  The  iron 
ore  is  octahedral — probably  a  titaniferous  magnetite.  A  small 
amount  of  the  peculiar  copper-colored  and  but  slightly  pleo- 
chroic  mica,  so  common  in  nepheline  rocks,  is  also  present. 

Nepheline-basalt  is  represented  by  three  specimens  in  Prof. 
Branner's  collection.  One  of  these  (No.  45)  from  Morro 
Francez  agrees  almost  exactly  with  the  figure  and  description 
given  by  Renard  of  a  similar  rock  from  Rat  Islandij:  (Ilha 
Kapta.)  Its  only  porphyritic  constituents  is  olivine  in  sharp 
crystals  or  irregular  grains.  These  are  surrounded  by  a  yellow 
border  of  iron  hydroxide  and  more  or  less  opaque  iron  oxide 
resulting  from  decomposition,  and  appear  in  the  compact 
black  hand  specimen  as  rusty  yellow  spots.  The  interior  of 
these  olivines  is  however  shown  by  the  microscope  to  be  quite 
fresh  and  colorless.  The  groundmass  is  a  fine  aggregate  of 
idiomorphic  augite  crystals,  octahedrons  of  magnetite  and 
nepheline,  without  any  unindividualized  base. 

ifo.  72,  from  Ilha  Rapta,  differs  from  the  last  described  speci- 
men in  having  the  porphyritic  olivines  nearly  devoid  of  the 
yellow  border  and  in  possessing  a  slightly  coarser  groundmass. 
Within  the  latter  may  also  be  seen  occasional  fiakes  of  a  brown 
mica  and  transparent  octahedral  crystals  which  are  without 
doubt  perofskite. 

*  2^it8chrift  fur  Krystallographie,  x,  p.  58,  1885. 

f  Knop  has  shown  that  a  barium  orthoclase  is  present  in  the  closely  allied 
nepheUnite  from  Meiches  in  the  Vogelsgebirge.  Neues  Jahrbiich  fiir  Min.,  etc., 
1865,  p.  687. 

X  Bull.  d.  Acad.  roy.  de  Beige  (3),  III,  No.  4,  1882. 
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No.  27  from  a  point  on  the  soath  side  of  Fernando  agrees 
closely  with  the  last  specimen  except  that  it  contains  no  perof* 
skite. 

No.  65  from  Portao,  at  the  west  end  of  Fernando  is  a  typ- 
ical liinburgite  In  the  hand-specimen  it  is  of  a  dark  gray 
color  and  filled  with  vesicular  cavities  of  all  sizes  which  are 
either  coated  or  completely  tilled  with  zeolites.  Small  rusty 
yellow  spots  indicate  the  position  of  abundant  oli^nne  crystaU 
which  are  the  only  constituent  macroscopically  visible.  TDder 
the  microscope  well-formed  olivines  surrounded  by  a  yellow 
lx)rder  are  .seen  imbedded  in  a  groundmass  of  angite  micro- 
lith.s,  magnetite  oetahedra  and  a  colorless  glass.  Thus  the  rock 
is  a  Hmburgite  of  the  second  class  in  the  sense  of  Bucking, 
which,  as  we  might  expect  from  the  present  associatioD,  i» 
more  nearly  allied  to  the  nepheline,  than  to  the  feldspar  basalts. 

No.  14,  from  Atalaia  Grande,  may  also  be  classed  as  a  lim 
bnrgite,  altliough  from  its  poverty  of  olivine  it  is  closely  rt^Iate^i 
to  the  angitites.  The  hand  8i)ecimen  of  this  rock  presents  a 
striking  contrast  to  the  last,  it  being  compact  and  black  like 
tlie  nepheliiie-basalts.  Small,  sharply-formed  augite  crystals 
and  a  few  olivines  are  the  only  components  visible.  Under 
the  microscope  this  sj)ecimen  is  seen  to  differ  greatly  from  all 
the  otliers.  The  olivines  are  few  but  very  fresh.  The  auffites 
are  distinguislied  by  their  pronounced  zonal  structure,  tlieir 
interior  bt;ing  of  a  brilliant  green  and  pleochroic,  while  tlie 
outer  zone  is  reddish  gray.  Their  extinction  is  very  high. 
Smaller  crystals  of  brown  basaltic  hornblende  are  also  abund- 
ant.  The  groundmass  consists  of  a  brown  glass  somewhat 
devitrified  with  globulitic  dust  and  occasional  arborescent 
growth  forms.  This  contains  augite  microliths,  magnetite  in 
ocialiedra  and  occasional  crystals  of  blue  hauyne.  As  a  sec- 
ondary product  analeite  occurs,  either  after  the  hauyne  t>r  in 
minute  cavities. 

No.  115,  from  l^lorro  Francez,  is  a  more  typical  augititein 
being  wholly  free  fr<^)m  olivine,  although  it  ap[)roaches  the 
nei>h(*linites  in  containing  nepheline,  mostly  in  the  form  uf 
porpliyritic  crystals.  The  hand-specimen  shows  abundant 
black  por|)liyritic  crystals  which  are  in  part  hornblende  and  in 
part  augite.  The  groundmass  is  mostly  composed  of  a  color 
less  glass  containing  augite  microliths  and  magnetite.  A  little 
nepheline  is  also  present  in  it.  This  mineral  is,  however,  more 
abundantly  ju'esent  in  crystals  or  grains  of  medium  size  im- 
bedded in  the  groundmass. 

Three;  sj)ecimens,  No.  48  from  Morro  Francez,  No.  3  from 
the  S.W.,  and  No.  58  from  the  W.  corner  (Japato)  of  Fer- 
nando, re])resent  very  scoriaceous  ejected  fragments  (volcanie 
bombs)  of  basaltic  rocks.     The  lirst  is  a  mottled  black  and  red 
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^esicalar  glass  containing  abundant  porphyritic  olivines  ex- 
ternally altered  and  sometimes  completely  changed  to  iron 
tiydroxide.  Small  yellow  aagite  crystals  are  also  present. 
The  second  of  these  specimens  (No.  8)  is  a  porous  black  and 
dmost  opaque  glass  including  snarp  olivine  crystals.  Lath- 
shaped  forms  resembling  felaspar  microliths  also  occur  here, 
but  they  are  now  wholly  replaced  by  some  isotropic  substance. 
No.  58  is  a  pumiceous  fragment  of  a  reddish  gray  color. 
Under  the  microscope  it  is  seen  to  be  composed  of  a  colorless 
ajlass  filled  with  minute  yellow  augite  crystals  and  iron  oxide 
^lobalites.  •In  this  matrix  are  abundant  olivine  crystals,  now 
however  almost  wholly  replaced  by  iron  hydroxide. 

Basalt  Tuffe — two  specimens  from  the  western  end  of  the 
island  of  Fernando  are  composed  of  fragments  of  glassy 
basalts  cemented  by  zeolites.  No.  54  is  of  a  brownish  color 
speckled  with  white  (zeolite)  and  shows  its  fragmental  charac- 
ter very  distinctly  when  examined  with  a  lens.  The  micro- 
scope discloses  angular  or  rounded  fragments  of  a  reddish  or 
yellow  glas&  These  are  of  various  sizes  and  are  very  vesicular, 
containing  altered  olivine  crystals,  lath-shaped  microliths  and 
opaque  octahedrons.  In  external  aspect  this  specimen  resem- 
bles palagonite  but  it  is  not  wholly  soluble  in  acids  and  con- 
tains too  many  crystalline  components  to  be  properly  classed 
under  this  head  * 

No.  62,  collected  near  the  last,  is  a  rock  of  similar  character, 
but  of  less  pronounced  fragmental  appearance.  It  is  of  a  brick- 
red  color,  compact  in  structure  and  also  filled  with  zer>litic 
minerals.  Under  the  microscoi)e  it  is  seen  to  possess  a  chai-ac- 
ter  quite  like  the  one  last  described,  except  that  the  glass  is  a 
deeper  red  and  more  opaque. 

Petrographical  Laboratory,  Johns  HopkiDS  University,  Dec,  1888. 


Art.  XXL — On  the  Ophiolite  of  Thnrman^  Warren  Co., 
X.  J".,  with  remarks  on  the  Eozoon  Can<idense ;  by 
George  P.  Merrill. 

The  Warren  County  Ophiolite  or  Verdantique  Marble  as 
seen  in  the  limited  amount  put  upon  the  market,  con.sists  in  its 
typical  development  of  an  even  granular  admixture  of  white 
(ilcite  and  pale  yellowish  green  serpentine  in  about  equal  prr>- 
portions.  The  uniformity  of  texture  is,  however,  often  inter- 
rupted by  laree  invgular  blotches  of  deep  lustrous  green  ser- 
pentine whicb«  as   shown    in  a    large  block  in    the   National 

•Beaard  meDtiooa  grains  of  palagonite  in  a   fragmental   rock  coUected   bj 
kiehaua  on  Bat  Island,  loc  dt.  p.  1 1. 
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Museum    collections,  sometimes  carry  a  white  nucleus.     The 
presence  of   this  nucleal   material,  which  may  frequently  be 
observed  passing  by  imperceptible  gradations  into  the  green 
serpentinous  material,  suggested  at  once  that  here,  too,  the  ser- 
pentine is  a  metasomatic  product,  as  the  writer  has  shown*  i^ 
the  case  with  that  of  Montville,  New  Jersey.     Thin    sectionfi 
of  the  rock  under  the  microscope  confirm  this  suggestion.    The 
white  nucleal  mineral  is  seen  to  be  an  aggregate  of  small  mono 
clinic  pyroxenes,  quite  colorless  in  the  thin  sections,  without 
pleochroism,  but   polarizing  brilliantly  and  giving  extinction!^ 
on  clinopinacoidal  sections  as  high  as  41°.     Irregular  canaU  of 
serpentinous  matter  cut   through  these   aggregates    following 
cleavage  and  fracture  lines,  and  all  stages  of  alteration  can,  a? 
in  the  Montville  stone,  often  be  observed  in  a  single  section. 
In  the  more  even-textured  portions  of  the  rocks  the  serpentine 
appears  as  rounded  or  oval  granules  with  small    enclosures  of 
secondary  calcite  imbedded  in  the  large  original  plates  of   the 
same  material.     Here,  too,  all  stages  of  alteration  are  readily 
detected,  some  of  the  pyroxene  granules  being  traversed  by  but 
a  few  wavy  threads  of  the  serpentinous  matter,  while  in  others 
not  a  trace  of  the  original  mineral  longer  remains.     Were  it  not 
for  these  fresh  remaming  portions  one  would  hesitate  to  pro 
nounce  them  pyroxenic  derivatives,  since  they  iu  no  case  show 
crystal  outlines,  but  are  mere  oval  blebs  or  granules  imbedded 
like  shot  in  the  white  calcite  in  a  manner  quite  similar  to  that 
of  the  chondrodite  grains  in  the  white  limestone  from  Amity. 
Orange  County,  in  the  same  state.     The  granules  are  not  in 
all  cases  isolated  but  sometimes  occur  in  groups,  or  connected 
by  canals  of  serpentinous  matter  in  a  manner  strikingly  sug- 
gestive of  the  detached  sections  and  groups  of  Eozoon  cham 
berlets  ai?  figured  by  Dr.  Dawson  on  pjiges  24  and  28  of  hi? 
late  paper.f     Indeed    I    can    but   feel,  since    reading   his  re- 
sum6  that,  even  at  this  late  day,  this  serpentinization  of  py- 
roxene is  destined  to  throw  some   light  on  the  Eozoon  prob- 
lem.    This  idea  is  siip})orted  by  the  fact  that  the  fragmental 
Eozoon  has  l)een  reported  from  these  same  formations  at  War- 
ren County,  further  by  Dr.  Dawson's  statement  that  eozoonal 
masses  often  occur  as  ''rounded  or  dome-shaped  masses  that 
seem  to  have  grown  on  ridges  or  protuberances,  now  usually  re- 
presented by  nuclei  of  pyroxene.*':]:     While  from  the  study  of 
so  limited  an  amount  of  the  Warren  County  stone  it  may  DOt 
be  advisable  to   assert  that  the  remarkably  regular  structures 
figured  by  Dr.  Dawson  are  due  wholly  to  alteration  in  situ  of 

*Proc.  U.  S.  Nat.  Miis..  vol.  xi.  1888.  p.  105. 

f  Specimens  of  P'ozoon  Caiiadeiiso  and  their  (icological  and  other  relations. 
Peter  Redpath  Mu8t»um.     Notes  on  Specimens,  Sept.  1888. 
X  Op^it.,  p.  29. 
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pyroxene  grannies,  I  can  but  suggest  that  we  have  in  this  alter- 
ation the  source  of  the  serpentinous  material  and  that  the  "  min- 
eral pyroxene  of  the  white  or  colorless  variety  .  .  occurring 
often  in  the  lower  layers  and  filling  some  of  the  canals"  of  the 
Eozoon,  is  but  the  residual  mineral  which  has  escaped  alter- 
ation. Further,  that  the  structureless  nodules  of  serpentine 
found  in  the  eozooual  rocks,  and  to  which  often  patches  of 
Eozoon  are  attached  or  imbedded,  are  but  patches  in  which  the 
alteration  is  complete  and  the  pyroxenic  nucleus  quite  obliter- 
ated. Dr.  Dawson,  although  recognizing  the  frequent  accom- 
paniment of  a  white  pyroxene  witli  the  eozoonal  structure,  in 
no  case  mentions  appearances  indicating  that  the  serpentine  is 
an  alteration  product,  but  seems  rather  to  regard  it  as  an  orig- 
inal injection,*  following  in  this  respect  the  well  known  teach- 
ings of  Dr.  Hunt.t  Those  conversant  with  the  literature  of 
the  subject  may  recall  that  Messrs.  King  and  Rowney:]:  recog- 
nized also  the  presence  of  pyroxenes  in  these  limestones  and  in 
insisting  upon  the  inorganic  nature  of  the  eozoon,  compared  its 
8tructural  forms  to  those  assumed  by  chondrodite,  coccolite,  etc. 
in  the  limestones  of  New  York,  I? ew  Jersey  and  other  local- 
ities. These  authorities  seem  however  to  have  regarded  the 
serpentine  as  true  "replacement  pseudomorplis "  after  these 
minerals  rather  than  alteration  or  metasomatic  products. 

In  conclusion :  The  serpentine  in  the  Warren  County  Ophi- 
olite,  Ophicalcite  or  Verdantiqueas  it  has  been  variously  called 
is  an  alteration  or  metasomatic  product  after  a  mineral  of  the 
pyroxene  group.  The  original  rock  would  appear  to  have  been 
simply  a  pyroxenic  limestone,  the  pyroxene  occurring  either  in 
scattering  granules  or  in  granular  aggregates  of  considerable 
fiize.  An  examination  of  the  Essex  County  Ophiolite  reveals  a 
somewhat  similar,  though  more  complicated  condition  of  affairs. 
A  portion  of  the  serpentine  here  is  also  derived  from  a  pyrox- 
ene, but  another,  and  in  cases  a  very  large  portion  is  apparently 
after  a  mineral  which  I  have  not  as  yet  found  sufficiently 
unchanged  to  be  able  to  identify.  The  rock  is  as  yet  insuffi- 
ciently studied,  and  must  be  made  the  subject  of  another  paper. 
I  am  indebted  to  Mr.  George  F.  Kunz  for  the  Warren  County 
material 

National  Museum,  Dec.  18,  1888. 

♦Op-cit,  p.  16-22  etals. 

f  Quart.  Jour.  Geol.  Soc.  of  London,  vol.  xxi,  p.  67,  Chem.  and  Geol.  Kssays,  etc. 
X  Quart.  Jour.  Geol.  Soc.  of  London,  vol.  xxv,  p.  115:    also  Proc.  Royal  Irish 
Academy,  vol.  x,  Part  IV,  1870,  p.  506. 
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Art.  XXII. — On  the  Origin  of  the  deep  troughs  of  ih 
Oceanic  depression:  Are  any  of  VolcamrC  origin?  bv 
James  D.  Dana,  with  a  bathymetric  map,  Plate  v  IL 

The  consideration  of  the  question  with  regard  to  the  origin 
of  the  ocean's  deep  troughs  requires,  as  the  first  step,  a  gen- 
eral review  of  oceanic  topography  ;  for  according  to  recent 
bathymetric  investigations,  tne  deep  troughs  are  part  of  the 
system  of  topography,  and  its  grander  part  We  need,  f^r 
this  purpose,  an  accurate  map  of  the  depths  and  height!? 
through  all  the  great  area.  Such  a  map  will  ultimately  In? 
made  through  tlie  combined  services  of  the  Hydrographic  De- 

[)artment8  of  the  civilized  nations.  At  the  present  time  the 
ines  of  soundings  over  the  oceans,  especially  over  the  Pacilic 
and  Indian,  are  few,  and  only  some  general  conclusions  are  at 
tainable.  It  is  to  be  noticed  that  the  system  of  features  of  the 
oceanic  area  are  involved  in  the  more  general  terrestrial  8y>- 
tem ;  but  since  the  former  comprises  nearly  three-fourths  of 
the  surface  of  the  sphere,  it  is  not  a  subordinate  part  in  that 
system. 

Witlu  reference  to  this  discussion  of  the  subject  I  have  pre 
pared  the  accompanying  bathymetric  map. 


1.    The  bathymetric  map,   and  the   general   features 
OF  the  Oceanic  depression  displayed  by  it. 

1.  77u'  Mitp. — \\\  the  pre])aration  of  the  bathymetric  map 
I  have  used  the  recent  charts  of  the  Hydrographic  Depart- 
ments of  the  United  States  and  Great  Britain,*  which  contain 
all  (leptlis  to  date,  and  the  lists  of  new  soundings  published  in 
(Tcnnan  and  other  u^eographieal  Journals.  In  order  that  the 
facts  on  which  the  l)atliymetric  lines  are  based  may  be  before 
the  reader  a  large  part  of  tlie  depths  iire  given,  but  in  an  ab- 
breviated form,  loo  fathoms  being  made  the  unit:  25  signify- 
ing 2500  fathoms  or  nearly  (i)etween  2460  and  2550):  ^% 
about  230  fathoms,  4,  about  40  fathoms.  Only  for  some  deep 
points  is  the  depth  given  in  full.  The  addition  of  a  plus  sign 
(+)  signifies  no  bottom  reached  by  the  sounding.f 

*  I  am  indebted  to  the  Hydrogra])bic  Departments  of  Great  Britain  as  well  as 
the  United  States  for  copies  of  these  cbarta. 

f  On  the  map  tbe  bathymetric  bnes  for  1000,  2000.  HOOO  and  4000  fathoms, 
besidejt  being  distinguislied  in  tlje  usual  way  by  number  of  dots,  have  been  made 
to  differ  in  breadth  of  line,  ilie  deeper  beiu^  made  quite  heavy  in  order  to  exhibit 
plainly  the  positions  of  the  areas  without  the  use  of  colors.  The  line  for 
100  fathoms  is,  as  usual,  a  simple  dotted  line.     As  the  bathymetric  map  herewith 
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In  the  plotting  of  oceanic  bathjmetric  lines  from  the  few 
es  of  soundings  that  have  been  made,  the  donbts  which  con- 
.ntly  rise  have  to  be  settled  largely  by  a  reference  to  the  gen- 
ii features  of  the  ocean,  and  nere  wide  differences  in  indg- 
mt  may  exist  in  the  use  of  the  same  facts ;  but  through  the 
pths  stated  on  the  map,  the  reader  has  the  means  of  judging 
•  himself.  In  the  case  of  an  island  the  lines  about  it  may 
:en  have  their  courses  determined  by  those  of  adjoining 
3up8,  or  by  its  own  trend ;  but  in  very  many  cases  new 
indings  are  needed  for  a  satisfactory  conclusion. 
Some  divergences  on  the  map  from  other  published  bathy- 
jtric  maps  require  a  word  of  explanation.  The  northern 
If  of  the  North  Pacific  is  made,  on  other  deep-sea  maps, 
rt  of  a  great  3000-fathom  area  (between  3000  and  4000) 
etching  from  the  long  and  deep  trough  near  Japan  far 
DUgh  eastward  to  include  the  soundings  of  3000  fathoms  and 
er  in  mid-ocean  along  the  35th  parallel.  It  has  seemed 
>re  reasonable,  in  view, of  present  knowledge  from  sonnd- 
^8,  to  confine  the  deep-sea  area  off  Japan  to  the  border- 
pon  of  the  ocean,  near  the  Kurile  and  Aleutian  islands,  and 
ve  the  area  in  mid-ocean  to^  be  enlarged  as  more  soundings 
ill  be  obtained.  Again  in  the  South  Pacific,  west  of  Pata- 
tiia,  the  area  of  relatively  shallow  soundings  (under  2000 
homs)  extending  out  from  the  coast,  is  on  other  maps  bent 
ithward  at  its  outer  western  limit  so  as  to  include  the  area 
similar  soundings  on  the  parallel  of  40°  and  50°,  between 
2°  and  122°  W.  The  prevailing  trends  of  the  ocean  are  op- 
sed  to  such  a  bend,  and  more  soundings  are  thought  to  be 
3essary  before  adopting  it. 

[t  may  be  added  here  that  in  the  Antartic  Atlantic,  about 
3  parallel  of  ^^\^  S.  and  the  meridian  of  13^°  W.,  a  large 
ja  of  3000  and  4000  fathoms  has  been  located.  It  was  based, 
I  have  learned  from  the  Hydrographic  Department  of  the 
itish  Admiralty,  on  a  sounding  in  1842  by  Capt.  Ross,  K. 
,  in  which  the  lead  ran  out  4000  fathoms  without  finding 
ttom.     The  sounding  was,  therefore,  made  before  the  means 

•lished  is  Decessarily  small,  and  Done  of  the  ordinary  maps  of  the  oceans  give 
ler  deep-sea  soundings  or  a  correct  idea  of  the  trends  ot*  the  oceanic  ranges 
islands,  I  state  here  that  the  charts  of  the  U.  S.  Hydrographic  Department 
the  Atlantic,  Pacific,  Indian  and  Arctic  oceans  may  be  purchased  of  dealers 
jharrs  in  the  larger  sea-board  cities  for  50  cents  a  sheet  and  less  according  to 
'.  (There  are  several  large  charts  to  each  ocean).  One  of  the  firms  selling 
m  in  New  York  City  is  that  of  T.  S.  A  J.  D.  Negus.  140  Water  st.  The 
^sh  Admiralty  have  publisfied  a  map  of  the  Pacific  with  its  soundings  on  a 
fie  sheet,  and  for  the  Atlantic  and  Indian  oceans  with  part  of  the  Pacific,  be- 
is  charts  of  the  Antarctic  and  Arctic  seas.  The  occasional  bulletins  from  the 
Irographic  Department  and  Petermann's  Mittheilungen  contain  nearly  all  the 
r  data  issued  for  the  perfecting  of  such  a  ohart. 
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available  were  "  suflScient  to  ensure  the  accuracy  of  such  deep 
casts."* 

2.  The  Featurelines  of  the  oceanic  and  hordering  lands,— 
The  courses  of  island-ranges  and  coast-lines  have  a  bearing  on 
the  question  relating  to  the  courses  of  the  deep-sea  troughs, 
and,  therefore,  by  way  of  introduction,  they  are  here  briefly  re- 
viewed, f  The  system  of  trends  in  feature-lines  takes  new  sig- 
nificance from  a  bathymetric  map,  for  the  courses  are  no 
longer  mere  trends  of  islands  or  emerged  mountain  peaks: 
they  are  the  trends  of  the  great  mountain  ranges  themselves: 
and,  in  the  Pacific,  these  mountain  courses  are  those  of  half  a 
hemisphere.  Some  of  the  deductions  from  such  a  map  are 
briefly  as  follows : 

(1).  Over  the  Pacific  area  there  are  no  prominent  north-aod- 
south,  or  meridional,  courses  in  its  ranges,  and  none  over  the 
Atlantic,  except  the  axial  range  of  relatively  shallow  water  in 
the  South  Atlantic.  And,  to  this  statement  it  may  perti- 
nently be  added  that  there  are  nope  in  the  great  ranges  of 
Asia  and  Europe,  excepting  the  Urals  ;  none  in  North  Amer- 
ica; none  in  South  America^  excepting  a  part  of  those  on  it? 
west  side. 

(2).  The  ranges  in  the  Pacific  ocean  have  a  mean  trend  of 
not  far  from  north west-by- west,  which  is  the.  course  verv 
nearly  of  the  longer  diameter  of  the  ocean.  One  tranversc 
range  crosses  the  middle  South  Pacific — the  New  Zealand- 
commencing  to  the  south  in  New  Zealand  and  the  islandi^ 
south  of  it,  with  the  course  N.  35°  E.,  and  continuing  through 
the  Kermadec  Islands  and  the  Tonga  group,  the  latter  trend- 
ing about  N.  22°  E.,  and  this  is  the  nearest  to  north  and  south 
in  the  ocean,  except  toward  its  western  border. 

(8).  The  oceanic  ranges  are  rarely  straight,  but  inst^d, 
change  gradually  in  trend  through  a  large  curve  or  a  seri^  of 
curves.  For  example,  the  chain  of  the  central  Pacific  becomes 
to  the  westward,  north -north  west;  and  the  Aleutian  range  and 
others  oif  the  Asiatic  coast,  make  a  series  of  consecutive 
curves.  Curves  are  the  rule  rather  than  the  exception.  More- 
over, the  intersections  of  crossing  ranges,  curved  or  not,  are 
in  general  nearly  rectangular. 

(4).  Approximate  parallelisms  exist  between  the  distant 
ranges  or  feature-lines ;  as  (1)  between  the  trend  of  the  New 

*  The  communication  received  from  the  Admiralty  OflBce  adds  that  •*  Some  U 
Ross's  soundinj^a  up  to  2660  fathoms  have  been  proved  correct,  and  heDoe  the 
mounding  in  68°  S.,  referred  to,  has  been  retained  on  our  charts  untU  disproTed." 
'^  Another  sounding  obtained  by  Ross  in  the  Atlantic  has  had  strong  donbto 
thrown  upon  it  by  a  sounding  of  3000  fathoms  obtained  not  veiy  far  from  iti 
position."     See  the  accompanying  map.  near  latitude  14°  S. 

f  This  subject  of  the  system  in  the  earth's  feature-lines  is  presented  at  leo0h, 
with  a  map,  in  my  Expedition  Geological  report,  pp.  11-23  and  414-424;  and 
also  more  briefly  in  this  Journal,  II,  ii,  381,  1846. 
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Zealand  range  and  that  of  the  east  coast  of  North  America  ; 
and  also  that  of  Sonth  America  (which  is  continued  across  the 
ocean  to  Scandinavia) ;  also  (2)  between  the  trend  of  the  foot 
of  the  New  Zealand  boot  with  the  Louisiade  group  and  New 
Gruinea  farther  west,  and  the  mean  trend  of  the  islands  of  the 
central  Pacific  both  south  and  north  of  the  equator,  and  also 
that  of  the  north  shore  of  South  America.  These  are  a  few 
examples  out  of  many  to  be  observed  on  the  map. 

(5).  The  relatively  shallow-water  area  which  stretches  across 
the  North  Atlantic  from  Scandinavia  to  Greenland — the  Scan- 
dinavian plateau,  as  it  may  well  be  called — is  continued  from 
these  high  latitude  seas  southwestward,  in  the  direction  of  the 
axis  of  the  North  Atlantic  (or  parallel  nearly  to  the  coast  of 
eastern  North  America  and  the  opposite  coast  of  Africa),  and 
becomes  the  "  Dolphin  shoal." 

It  may  be  a  correlate  fact  in  the  earth's  system  of  features 
that  a  Patagonian  plateau  stretches  out  from  the  Patagonia 
coast,  or  from  high  southern  latitudes,  in  the  direction  of  the 
longer  axis  of  tne  Pacific,  and  embraces  the  Paumotu  and 
other  archipelagos  beyond.* 

The  above  review  of  the  Earth's  physiognomy,  if  accom- 
panied by  a  survey  of  the  map,  may  suflSce  tor  the  main  pur- 
pose here  in  view  :  to  illustrate  the  general  truths — that  sys- 
tem in  the  feature-lines  is  a  fact ;  that  the  system  is  world- 
wide in  its  scope ;  and — since  these  feature-lines  have  been  suc- 
cessively developed  with  the  progress  of  geological  history — 
that  the  system  had  its  foundation  in  the  beginning  of  the 
earth's  genesis  and  was  developed  to  full  completion  with  its 
growth. 


2.    Facts    Bearing    on^    the    Origin    of    the  Deep-sea 

Troughs. 

In  treating  of  this  subject,  the  facts  from  the  vicinity  of 
volcanic  lands  that  favor  a  volcanic  origin  are  first  mentioned  ; 

*  As  parallelisms  may  have  importance  that  is  not  now  apparent,  I  draw  atten- 
tion to  one  between  the  Mediterranean  Sea  that  divides  Europe  from  Africa,  and 
the  West  India  (or  West  Mediterranean)  sea  that  divides  North  from  South 
America.  Both  have  an  eastern^  middle  and  western  deep  basin.  Their  depths 
(see  map)  in  the  East  Mediterranean,  are  2170,  2040  and  1585  fathoms;  in  the 
Wert  Mediterranean  (the  three  being  the  Caribbean,  the  West  Caribbean  or 
Cuban,  and  the  Gulf  of  Mexico),  2804,  3428  and  2080  fathoms.  Further,  in  each 
Mediterranean  Sea,  a  shallow-water  plateau  extends  from  a  prominent  point 
on  the  south  side,  northward,  to  islands  between  the  eastern  and  middle  of  the 
deep  basins;  one  from  the  northeast  angle  of  Tunis  to  Sicily,  the  other  from 
the  northeast  angle  of  Honduras  to  Jamaica  and  Haiti,  the  two  about  the  same 
in  range  of  depth  of  water.  And  this  last  parallelism  has  its  parallels  through 
geological  history,  even  to  the  Quaternary,  when  the  great  Mammals  made  mi- 
grations to  the  islands  in  each  from  the  continent  to  the  South. 
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secondly^  those  from  similar  regions  that  are  not  &ivorable  to 
such  an  origin;  thirdly^  facts  from  other  regions  bearing  on 
the  question. 

A.  Facts  apparently  favoring  a  volcanic  origin, 

1.  The  Pacific  soundings  have  made  known  the  existence  of 
two  deep-sea  depressions,  if  not  a  continuoas  trough,  triMifi 

forty  mile^  of  the  Hawaiian  Islands;  one  situated  to  the 
northeast  of  Oahu,  or,  north  of  Molokai,  with  a  depth  of  30l^3 
fathoms,  or  18,009  feet,  and  the  other  east  of  the  east  point  of 
Hawaii,  2875  fathoms,  or  within  750  feet  of  18,000  feet. 
Again,  450  miles  northeast  of  Oahu,  there  is  a  trough  in  the 
ocean's  bottom,  over  bOO  miles  long,  which  runs  nearly  paral 
lel  with  the  group  and  has  a  depth  of  3000  to  3540  fathoms: 
and,  as  far.  south,  another  similar  trough  of  probably  greater 
length  has  aflForded  soundings  of  3000  to  3100  fathom&  The 
depths  about  the  more  western  part  of  the  Hawaiian  chain  of 
islands  have  not  vet  been  ascertained,  and  hence  the  limits  of 
the  deep  areas  are  not  known.  Such  depths,  so  close  to  a  line 
of  great  volcanic  mountains,  the  loftiest  of  the  mountains  not 
yet  extinct^  appear  as  if  they  might  have  resulted  from  asnb- 
sidence  ccmseqiient  on  the  volcanic  action. 

The  subsidence  might  have  taken  place  (1)  either  from 
underminings  : — which  the  amount  of  matter  thrown  out  and 
now  constituting  the  mountain  chain,  with  its  peaks  of  20,0(X^ 
to  30,000  feet  above  the  sea-bottom,  shows  may  be  large;  or 
(2)  from  the  gravitational  pressure  in  the  ^rth's  crust,  about  a 
volcanic  region  which  speculation  makes  a  source  of  the  ascen- 
sive  force  and  of  tlie  upward  rising  of  the  lavas, — the  sub- 
siding crust  following  down  the  liquid  surface  beneath.  In 
either  case  the  mass  of  ejected  material  might  be  a  measure 
mure  or  less  perfectly  of  the  maximum  amount  of  subsidence. 

2.  In  the  western  part  of  the  North  Pacific,  at  the  south 
end  of  the  volcanic  group  of  the  Ladrones  off  the  largest 
island  of  the  group,  (xuam,  the  Challenger  found  a  depth  of 
4475  fathoms,  one  of  the  two  deepest  spots  yet  known  in  the 
Pacific.  The  situation  with  reference  to  the  group  is  like  that 
off  the  east  end  of  the  Hawaiian  group. 

3.  East  of  Japan  and  the  Kuriles,  a  region  of  ranges  of  vol- 
canoes, there  is  the  longest  and  deepest  trough  of  the  ocean, 
the  length  1800  miles,  the  depths  400i>  to  4050  fathoms;  and 
farther  northeast,  south  of  one  of  the  Aleutian  islands,  a  depth 
of  4000  fathoms  occurs  again  ;  and  depths  of  3100  to  3664 
fathoms  also  still  farther  east.  It  is  probable  that  the  4000- 
line  trough  continues  from  the  Kurile  to  this  deep  spot  off  the 
Aleutian  volcanic  range  ;  and  if  so,  the  length  of  the  trough 
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over  2500  miles.  The  map  is  made  to  suggest  its  extension 
ill  farther  eastward ;  but  among  the  very  few  soundings 
ade,  none  below  3664  fathoms  have  yet  been  obtained  off 
te  more  eastern  Aleutians. 

Other  similar  facts  may  be  found  on  the  map ;  and  still 
hers  may  exist  which  are  not  now  manifest  owing  to  the 
nking  of  oceanic  areas  and  islands.  But  no  cases  can  be 
minted  to  which  are  more  decisively  in  favor  of  volcanic 
•igin.    . 

.  Facts  from  the  vicinity  of  volcanic  regions  apparently  not 

referable  to  a  volcanic  origin. 

1.  The  ocean  off  the  western  border  of  North  and  South 
merica  affords  striking  examples  of  the  absence  of  deep 
oughs  from  the  vicinity  of  regions  eminently  volcanic.  The 
3utn  American  volcanoes  are  many  and  lofty ;  and  still  the 
•ean  adjoining  is  mostly  between  2000  and  2700  fathoms  in 
;pth  ;  and  just  south  of  Valparaiso,  it  shallows  to  1825 
flioms.  The  only  exception  yet  observed  is  that  of  a  short 
ongh  of  3000  to  3368  fathoms  close  by  the  Peruvian  shore. 
,  may,  however,  prove  to  be  a  long  trough,  although  certainly 
opping  short  of  Valparaiso.  The  waters,  however,  of  the 
acific  border  of  America  deepen  abruptly  compared  with 
lose  of  the  Atlantic  border ;  and  the  significance  of  this  fact 
Bserves  consideration. 

The  facts  off  Central  America  are  more  remarkable  than 
lose  off  the  coast  to  the  south.  The  volcanoes  are  quite  near 
)  the  Pacific  coast,  and  still  the  depths  are  between  1500  and 
500  fathoms. 

The  condition  is  the  same  off  the  west  coast  of  N  orth  Amer- 
•a.  Of  the  two  areas  of  3000  and  over,  nearest  to  the  east 
3ast  of  the  North  Pacific,  one  is  600  miles  distant  in  the  lati- 
ide  of  San  Francisco,  and  the  other  is  within  ten  degrees  of 
le  equator  and  twenty  degrees  of  the  coast;  both  too  far 
way  to  be  a  consequence  of  volcanic  action  in  California, 
lexico  or  Central  America. 

In  the  North  Atlantic  the  European  side  has  its  volcanoes 
ad  has  had  them  since  the  Silurian  era,  and  yet  the  non- 
olcanic  North  American  side  of  the  ocean  has  far  the  larger 
reas  of  deep  water  and  much  greater  mean  depth.  "Die 
Lzores  or  Western  Islands,  wjiich  are  all  volcanic,  have  depths 
round  them  of  only  1000  to  2000  fathoms  and  no  local 
•oughs.  Iceland,  the  land  of  Hecia,  is  in  still  shallower  waters, 
rith  no  evidence  of  local  depressions  off  its  shores.  The  Cana- 
ies  are  volcanic,  but  no  deep  trough  is  near  them. 
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C.     Facts  from  regions  not  volcanic  which  are  unfavorable  to  the 

idea  of  a  volcanic  origin, 

1.  In  the  Xorth  Pacific,  near  its  center,  the  area  of  3000  or 
more  fathoms  about  35°  N.  ;  the  two  similar  but  smaller  area? 
toward  its  eastern  border  ;  the  areas  north  of  the  Carolines  in 
the  western  part  of  the  ocean  ;  the  broad  equatorial  area  about 
the  Phcenix  Group ;  the  area  in  the  South  Pacific  in  170°  W., 
east  of  Chatham  Island,  and  another  just  south  of  Australia, 
are  all  so  situated  that  no  reason  is  apparent  for  referrtng  them 
to  a  volcanic  origin.  Some  of  the  areas  are  in  the  coral-island 
latitudes,  and  the  supposed  volcanic  basis  of  coral-islands  makes 
a  volcanic  origin  possible,  but  their  probable  size  and  position 
appears  to  favor  the  idea  of  origin  through  some  more  funda- 
mental cause.  Tlie  areti  in  the  South  Pacific,  east  of  Chatham 
Island,  is  450  miles  distant  from  the  land.  The  border  of 
southern  Australia,  abreast  of  the  deep-sea  trough,  has  no 
known  volcano. 

2.  In  ike  Atl<intu\  away  from  the  West  Indies — The  30<H»- 
fatliom  areas  of  the  North  and  South  Atlantic,  that  is,  the 
three  in  the  North  Atlantic,  the  two  in  the.  South  Atlantic,  and 
the  two  equatorial,  one  near  the  coast  of  Guinea  and  the  other 
near  that  of  South  America,  occupy  positions  that  suggest  no 
relation  to  volcanic  conditions.  The  Cape  Verdes,  north  of  the 
equator,  are  partly  encircled  by  one  of  the  deep  areas,  some- 
wliat  like  the  eastern  end  of  the  Hawaiian  group  ;  but  this 
bathymetric  area  ap|)ears  to  be  too  large  to  owe  its  origin  di- 
rectly to  volcanic  work  in  the  group.  Tlie  coast  of  Guinea  near 
the  3000-fathom  area  has  nothing  volcanic  about  it,  and  the  op- 
posite coast  of  South  America,  near  another,  is  free  from  vol- 
canoes. 

The  only  facts  in  the  Atlantic  that  suggest  a  volcanic  origin 
are  the  depression  of  2445  fathoms  within  40  miles  of  the  we?t 
side  of  the  volcanic  Cape  Verde  Archipelago,  and  that  of  20t><> 
fathoms  within  20  miles  of  Ascension  Island ;  and  a  connection 
is  possible. 

3.  In  and.  near  tliAi  Went  Indies. — The  most  remarkable  of 
the  depths  of  the  Atlantic  area  are  situated  in  and  near  the  region 
of  the  West  Indies,  as  is  well  illustrated  and  discussed  bv  3lr. 
Alexjinder  Agassiz  in  his  instructive  work  on  the  "  I'hree 
Cruises  of  the  Blake.''  The  deepest  trough  of  the  ocean,  4561 
fathoms,  occurs  within  seventy  miles  of  Porto  Rico;  and  vet 
this  island  has  no  great  volcanic  mountain,  though  having  ba- 
saltic rocks.  By  the  north  side  of  the  Bahama  belt  of  coral 
reefs  and  islands,  for  COO  miles,  as  Mr.  Agassiz  well  illustrates, 
the  depth  becomes  2700  to  3000  fathoms  within  twenty  miles 
of  the  coast-line,  and  at  one  point  2990  within  twelve  miles,  a 
piteh*down  of  l :  3*5 ;  and  nothing  suggests  a  volcanic  cause  for 
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he  abmpt  descent  Caba  and  Hajti  are  not  volcanic,  and  look 
i8  if  they  were  an  extension  of  Florida,  so  that  no  grounds  exist 
or  assuming  that  the  Bahamas  rest  on  volcanic  summits. 

One  of  the  strangest  of  3000  fathom  troughs  is  that  which 
ommences  off  the  south  shore  of  Eastern  Cuba,  having  there 
.  depth  of  3000  to  3180  fathoms.  It  is  within  20  miles  of 
his  non-volcanic  shore,  and  nearly  three  times  this  distance 
rom  Jamaica.  No  sufficient  reason  appears  at  present  for  pro- 
Louncing  its  origin  volcanic.  It  is  continued  in  a  west-by-south 
lirection  to  a  point  beyond  the  meridian  of  85°  W.  or  over  700 
uiles,  making  it  a  very  long  trough,  and  the  depths  vary  from 
1700  to  3428  fathoms.  The  depression  extenas  on  into'  the 
xulf  of  Honduras,  carrying  a  depth  of  2000  fathoms  far  to- 
c^ard  its  head,  and  in  a  small  indentation  of  the  coast  it  stops ; 
or  nothing  of  it  appears  in  the  outline  of  the  Pacific  coast  or 
he  depths  off  it,  and  nothing  in  the  range  of  volcanic  moun- 
ains  on  the  coast.  Against  the  three  deepest  parts  of  the 
rough  there  are,  ii^st^  the  Grand  Cayman  reef,  20  miles  north 
f  a  spot  3428  fathoms  deep ;  second^  banks  in  13  and  15 
athoms  within  15  miles  of  a  depth  of  2982  fathoms  ;  and  thirds 
Iwan  Island  reef,  15  miles  south  of  a  depth  of  3010  fathoms  ; 
he  first  of  the  three  indicating  a  slope  to  the  bottom  of  1:5, 
nd  the  last  of  1 :  4*4.  Why  these  greatest  depths  in  the  trough, 
-y  abrupt  in  depression,  should  be  on  one  side  of  shoals  or 
mergea  coral  reefs,  it  is  not  easy  to  explain  ;  and  the  more  so 
iat  tne  part  of  the  trough  south  of  Cuba  has  nothing  volcanic 
ear  by  in  the  adjoining  mountain  range,  and  the  fact  also  that 
lie  westernmost  end  oi  the  trough  extends  on  for  175  miles, 
nd  there  has  a  depth  of  3048  fathoms,  with  2000  fathoms 
ither  side  and  no  coral  reefs. 

).  Arrangement  of  the  deep  sea  troughs  in  the  two  halves  of  the 
oceans^  pointing  to  some  other  than  a  volcanic  origin. 

The  western  half  of  the  Atlantic  and  Pacific  oceans  contains 
auch  the  larger  part  of  the  3000-fathom  areas  and  all  the 
lepths  over  4000  lathoms.  In  the  North  Atlantic  the  areas  of 
000  and  over  in  the  western  half,  or  off  the  United  States, 
re  very  large  ;  and  the  bathymetric  line  of  2500  fathoms  ex- 
ends  westward  nearly  to  the  1000-fathom  line.  This  im- 
ortant  feature  can  be  appreciated  for  both  oceans  from  a  look 
t  the  map  without  special  explanations. 

As  a  partial  consequence  of  this  arrangement,  the  Pacific, 

iewed  as  a  whole,  may  be  said  to  have  a  westward  slope  in  its 

ottom,  or  from  the  South  American  coast  toward  Japan.    This 

''estward  slope  of  the  bottom  exists  even  in  the  area  between 
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New  Zealand  and  Australia — the  ocean  in  this  area  bein^  shal- 
low for  a  long  distance  out  on  the  east  side  and  deepening  to 
2500-2700  fathoms  close  to  that  non-volcanic  land,  Kew  Sooth 
Wales,  in  eastern  Australia.  In  the  Atlantic,  the  slope  i$  in 
the  direction  of  its  northeast  southwest  axis,  either  side  of  the 
Dolphin  shoal,  but  especially  the  western  side,  rather  than  from 
east  to  west,  it  commencing  in  the  Scandinavian  plateao  and 
ending  in  the  great  depths  adjoining  the  West  Indies. 

Owing  to  the  system  in  the  Atlantic  topography,  the  Dol- 
phin Shoal — the  site  of  the  Atlantis  of  ancient  and  modem 
fable — is  really  an  appendage  to  the  eastern  continent,  that  k 
to  Europe,  an^  is  shut  oflf  by  wide  abyssal  seas  from  the  lands  to 
the  west  that  have  been  supposed  to  need  its  ^^vel  for  rock- 
making. 

But  the  view  that  the  west  half  of  an  oceanic  basin  is  always 
the  deepest  becomes  cheeked  by  finding  in  the  Indian  ocean 
that  the  only  areas  that  are  3000  fathoms  deep  or  over  are  in 
the  eastern  part  of  the  ocean  and  oflf  the  northwest  coast  of 
Australia,  and  near  western  Java  and  Sumatra.  The  greatest 
depths  in  its  western  half  or  toward  Africa,  are  2400  to  26<)<> 


fathoms. 


3.  Conclusions. 


1.  The  facts  reviewed  lead  far  away  from  the  idea  that  vol- 
canic action  has  been  predominant  in  determining  the  position 
of  the  deep-sea  troughs.  It  has  probably  occasion^  some 
deep  depressions  within  a  score  or  two  of  miles  of  the  center 
of  activity,  but  beyond  this  tlie  great  depths  have  probablv 
had  some  other  origin. 

2.  It  is  further  evident  that  the  deep-sea  troughs  are  not  a 
result  of  superficial  causes  of  trough-making.  Erosion  over 
the  ocean's  bottom  cannot  excavate  isolated  troughs.  The 
coldest  water  of  the  ocean  stands  in  the  deep  holes  or  troughs 
instead    of   running,  as  the  reader  of    Agassiz's  volume  has 

learned. 

The  superiicial  operation  of  weighting  the  earth's  crust  with 

sediment,  or  with  coral  or  other  organic-made  limestone,  and 

fillin£^  the  depressions  as  fast  as  made,  much  appealed  to  in 

explanations  of  subsidence,  has  not  produced  the  troughs;  for 

filled  depressions  are  not  the  kind  under  consideration.     More- 

•  In  the  Arctic  seas,  goiD^'  north  from  iho  Scandinavian  plateau,  the  wtter 
deepens  north  of  the  latitude  of  Iceland,  t)etween  Greenland  and  Spitzbergen.  to 
2000  fathoms,  and  farther  north  to  2650  fathoms,  in  the  latitude  nearly  of  Green- 
wich •  and  it 'is  probable  that  the  2000-fathom  area  extends  over  the  region  of  the 
North  Pole.  The  continents  of  Europe  (with  Asia  probably)  and  North  Ameriok 
are  nroved  by  the  shallow  soundings  over  the  adjoining  Arctic  seas  and  the  islands 
or  emerged  land,  to  extend  to  about  82i*  N.,  which  is  about  450  miles  from  tiie 

pole. 
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ver,  the  areas  are  out  of  the  reach  of  continental  sediments 
id  too  large  and  deep  to  come  within  the  range  of  possibilities 
f  organic  sedimentation  or  accumulation.  The  existence  of 
16  troughs  is  suflScient  proof  of  this.  The  deep  troughs  of 
le  West  Indian  and  adjoining  seas  are  in  a  region  of  abnn- 
»nt  pelagic  and  sea-border  life,  and  yet  the  marvelous  depths 
rist.  And  the  depths  of  the  open  oceans  .are  no  less  without 
cplanation.  Those  close  by  the  Bahamas  extending  down  to 
5,000  and  18,000  feet,  are  evidence  of  great  subsidence  from 
»me  cause;  and  the  coral  reefs  for  some  reason  have  man- 
estly  kept  themselves  at  the  surface  in  spite  of  it.* 
3.  If  superficially  acting  causes  are  insufficient,  we  are  Jed 

>  look  deeper,  to  the  sources  of  the  earth's  energies,  or  its  in- 
irior  agencies  of  development,  to  which  the  comprehensive 
rstem  m  its  structure  and  physiognomy  points.  Whatever 
lere  is  of  system  in  the  greater  feature  lines,  whether  marked 
L  troughs  or  in  mountain  chains,  or  island  ranges,  must  come 
rimarSy  from  systematic  work  within.  The  work  may  have 
3en  manifested  in  long  lines  of  flexures  or  fractures  as 
eps  in  the  process,  but  tne  conditions  which  gave  directions 

►  the  lines  left  them  subject  to  local  causes  oi  variation,  and 
jtween  the  two  agencies,  the  resulting  physiognomy  has 
>en  evolved. 

We  have  from  the  Pacific  area  one  observation  of  a  volcanic 
iture  bearing  on  the  comprehensiveness  of  the  system  of  f eat- 
•e-lines  in  the  oceans,  and  although  I  have  already  referred 

it,  I  here  reproduce  the  facts  for  use  in  this  place. 

If  the  ranges  of  volcanic  islands  were,  in  their  origin,  lines 

fissures  as  a  result  of  comprehensive  movements,  the  lines 
ould  continue  to  be  the  courses  of  planes  of  weakness  in  the 
rth's  crust.  The  New  2fealand  line,  including  the  Kermadec 
lands  and  the  Tongan  group,  has  been  pointed  to  as  one  of 
ese  lines,  and  one  oi  great  prominence,  smce  it  is  the  chief 
►rtheastward  range  of  the  broad  Pacific,  and  nearly  axial  to 
e  ocean.  The  series  of  volcanoes  along  the  axis  of  New 
ialand  is  in  the  same  line.  It  was  noticed,  at  the  Tarawera 
option  of  1883,  thsit  Jour  or  five  days  after  the  outbreak, 
d  three  after  it  had  subsided.  White  Island,  in  the  Bay  of 
enty,  at  the  north  end  of  the  New  Zealand  series,  became 
Lusually  active;  and  two  months  later  there  was  a  violent 
uption  in  the  Tonga  group,  on  the  Island  of  Niuafou.  The 
)8e  relation  in  time  of  the  latter  to  the  New  Zealand  erup- 

''  The  migrations  from  South  America  alluded  to  in  a  note  to  page  195,  proving 
eleyation  of  2000  feet  to  make  it  possible,  prove  also  that  a  large  part  of  the 
st  India  seas  afterward  suflTered  subsidence  in  the  Quatemarj.  How  far  the 
lama  and  Florida  region  participated  in  the  subsidence  is  not  known.  That  it 
not  participate  in  it  has  not  been  proved. 
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tion  is  referred  to  by  Mr.  C.  Trotter,  in  Nature  of  1886,  Dec 
7.*  May  it  not  be  that  these  disturbances  were  due  to  a  slight 
shifting  or  movement  along  a  series  of  old  planes  of  fractures, 
taking  place  successively  from  south  to  north  ;  and,  hence, 
that  even  now  changes  of  level  may  take  place  through  the 
same  comprehensive  cause  that  determined  the  existence  of 
the  earth's  feature  lines  ?  Owing  to  the  long  distance  of  the 
Tonga  group  from  New  Zealand  an  affirmative  reply  to  the 
question  cannot  be  positively  made.  But  there  is  probabil- 
ity enough  to  give  great  interest  to  this  branch  of  geological 
enquiry. 


Art.  XXIII. — Description  of  a  problematic  organism  frma 
the  DevoJiian  cU  the  Fcdh  of  tne  Ohio  /  by  R  H.  Knowl- 
TON,  U.  S.  National  Museum. f 

On  May  2,  1887,  the  Smithsonian  Institution  received  from 
Mr.  John  H.  Lemon  of  New  Albany,  Floyd  Co.,  Maryland,  a 
box  of  material  collected  by  him  at  tne  Falls  of  the  Ohio.  The 
material  consists  of  a  piece  of  very  porous  and  highly  fossilif- 
erous  chert  about  five  inches  square,  and  is  accompanied  by  a 
small  phial  containing  what  the  sender  describes  as  ''einall 
shells  which  were  picked  from  the  dust  of  crushed  Devo- 
nian chert."  The  so-called  shells  may  be  seen  in  small  num- 
bers scattered  through  the  matrix,  thus  leaving  no  doubt  as  to 
the  correctness  of  the  assertion  that  they  actually  come  from 
the  same  horizon. 

The  formation  from  which  the  material  comes  is  the  Comif- 
erous  limestone  of  the  Lower  Devonian.  It  is,  of  course,  a  ma- 
rine deposit,  and  the  material  examined  contains,  besides  the 
prol)leinatic  organisms,  numerous  examples  of  two  species  of 
coral  {Zaphrentis  ap.  and  Cladopora  sp.)  and  two  Brachiopock 
{Streptoi'hynchna  ChevcungensiavdiV.  jyandara  Hall,  ^Xid^Spirif- 
era  (jregaria  Clapp),  which  have  been  identified  for  me  by 
Mr.  Chas.  D.  Walcott  of  the  U.  S.  Geological  Survey.  These 
problematic  organisms  were  first  sent  to  Mr.  Walcott  under  the 
impression  that  they  were  foraminiferous  shells,  but  as  he 
failed  to  recognize  any  foraminiferal  characters  and  regarding 
them  as  more  probably  of  vegetable  origin,  he  sent  them  to  the 
Department  ot  Fossil  Plants. 

The  organisms  under  consideration  are  minute,  spirally 
grooved  bodies  from  150  to  1-80  mm.  long  and  about  l^TO  mm. 

*  This  Journal,  III,  xxxiii,  311. 

f  Published  by  permission  of  the  Assistant  Secretary  of  the  SmithsoiuAQ  Inflti- 
tutiou. 
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>road.  They  have  been  hollow  spheres  and  the  now  solid  in- 
erior  has  probably  been  infiltrated  through  the  very  small  ori- 
ice  at  one  extremity  (See  fig.  2).      The  outer  wall  has  been 

1.  2.  3. 


noderately  thick  and  when  broken  away,  leaves  impressed 
ipon  the  nucleus,  lines  indicating  the  position  of  the  spirals. 
See  fig.  3).  The  "  shell  "  breaks  away  very  easily  and  it  is  a 
natter  of  some  diflSculty  to  obtain  absolutely  perfect  specimens 
:rom  the  matrix.  I  am  unable  to  detect  structure  in  the  outer 
svall.  Ten,  or  perhaps  rarely  nine,  spirals  (cells  ?)  have  entered 
nto  the  composition  of  the  "  shell "  (sporostegium  ?).  About 
jight  turns  of  the  spiral  are  visible  in  lateral  view. 

The  figures  and  description,  it  will  be  observed,  correspond 
lerj  closely,  at  first  sight,  to  the  well  known  "  f ruiis  "  of  the 
^nus  Chara,  and  the  probability  of  their  being  fruits  of  this 
dnd  is  greatly  strengtnened  when  it  is  remembered  that  more 
ban  forty  species  have  been  described  in  a  fossil  state,  and  as 
[  am  informed  by  Prof.  J.  D.  Dana,  they  have  actually  been 
■ef  erred  with  little  hesitation  to  the  genus  Chara  by  the  late 
Prof.  F.  B.  Meek,  who  examined  material  from  this  same  lo- 
cality many  years  ago.  Prof.  Meek  writes  of  them  as  follows  :* 
*  In  the  same  matrix  with  the  above  described  shell  {Tricho- 
lema  tricarinata  Meek)  I  have  been  surprised  to  notice  nu- 
nerous  minute  bodies  that  I  can  scarcely  doubt  are  really  the 
Fruits  of  the  fresh  water  genus  Chara.  At  any  rate,  they 
jeem  to  present  all  the  external  characters  of  the  same.  These 
ittle  bodies  are  globose,  about  0*05  of  an  inch  in  diameter,  and 
3ach  ornamented  by  nine  strongly  defined  and  very  regularly 
lisposed  spiral  ridges,  which  start  on  one  side  around  a  minute 
pit,  and  pass  with  perfect  regularity  spirally,  so  as  to  converge 
io  an  exactly  opposite  point  on  the  other  side,  making  each 
ibout  one  spiral  turn  in  passing  from  side  to  side.  If  really 
the  seeds  oi  this  fresh-water  genus  of  plants,  they  must  have 
l)een  carried  into  the  sea  by  streams,  and  deposited  where  we 
Qow  find  them,  along  with  numerous  marine  shells."  This  de- 
icription  agrees  so  closely  with  my  own  that  there  can  be  no 
ioubt  that  the  specimens  are  the  same. 

*  Fossils  of  the  Corniferous  Group :  Geol.  Surv.  of  Ohio,  Palfieontology,  vol.  i, 
1873,  p.  219,  Note. 
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Prof.  Dana  also  refers  briefly  to  these  organisms  described 
by  Meek,  in  his  Manual  of  Geology  (Ed.  1875,  p.  259). 

As  the  lowest  point  at  which  unqaestioned  Chara  has  been 
found  fossil  is  the  Muschelkalk  of  Moskau,  the  discovery 
of  a  species  in  the  Devonian  would  naturally  excite  great  in- 
terest, for  it  would  then  be  shown  that  the  genus  was  much 
older  than  is  generally  supposed.  This  led  to  a  more  detailed 
examination  of  the  material,  when  it  was  found  that  they  could 
not  possibly  be  referred  to  Chara  as  ordinarily  accepted,  since 
in  all  the  known  species,  both  living  and  fcesil,  the  6porc»- 
stegium  is  composed  of  five  cells  twisted  to  the  left,  while  in  this 
the  spirals  (sporostegia?)  are  nine  or  ten  in  number  and  twiskd 
to  the  right.  There  is,  however,  no  vital  objection  to  the  sup- 
position that  this  might  have  been  an  archaic  or  original  type 
from  which  the  more  modem  forms  have  been  developed.  This 
view  is  amply  confirmed  by  what  we  already  know  oi  the  Hues 
of  development  that  have  been  followed  by  some  well  known 
types  of  vegetation,  as  for  example  the  conifers. 

In  order  to  be  more  certain  in  the  matter,  the  specimens  and 
drawings  w^ere  submitted  to  Dr.  T.  F.  Allen  of  New  York,  the 
well  known  authority  upon  the  CharacecB.  He  was  at  once 
struck  by  their  resemblance  to  the  fruits  of  Chara  and  im 
mediately  wrote*  that  it  was  probably  a  new  type,  a  new 
genus,  "  still  descended  direct  from  the  Floridse,  perhaps,  and 
growTi  in  salt  water.  The  whole  plant  must  have  twisted  to 
the  left,  because  our  plants  now  twist  opposite  to  the  twist 
of  the  sporostegium ;  or  perhaps  the  twist  changed  when  only 
five  cells  enveloped  the  spore."  Dr.  Allen  also  suggested 
their  resemblance  to  the  so-called  Rhizopod  iSaceammina  f 
{Calclsphxera)  Eriana  described  by  Dawson  from  the  Cornif- 
erous  limestone  of  Kelley's  Island  near  Sandusky,  Ohio;  a 
paper  that  had  been  before  overlooked.  On  referring  to  the 
article  in  queBtion,t  it  is  at  once  apparent  that  the  specimens 
under  consideration  certainly  have  a  very  marked  resemblance 
to  those  described  by  Dawson.  They  are  described  by  him  as 
follows  :''...  they  are  minute  globular  bodies,  one  milli- 
meter in  diameter,  and  occur  in  great  numbers  in  light  gray 
limestone  containing  Stroiaatopora^  crinoidal  joints  and  corals, 
as  well  as  multitudes  of  minute  organic  fragments.  The  ex- 
terior surface  of  the  specimens  is  dull  or  granular  in  aspect, 
and  either  smootli  or  marked  with  slight  spiral  ridges,  giving 
an  appearance  which  at  first  sight  suggests  a  resemblance  to 
the  spore-cases  of  Cliara.  On  microscopic  examination,  they 
are  found  to  be  hollow  spheres  filled  with  calcite  introduced 
by  infiltration,  having  one  small  aperature;  and  the  test  or  wall 
of  the  sphere  presents  a  granular  appearance  as  if  composed 

♦  In  Litt.,  April  9,  1888.  f  Canadian  Nat,  New  Ser.,  vol.  x,  p.  5. 
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of  line  calcareous  graina  ...  It  can  scarcely  be  anything 
else  than  a  Rhizopod,  probably  allied  to  the  modern  Sacca/inr 
fnina  globosa^  or  to  the  Carboniferous  S,  Ca/rteri^  though 
much  smaller  than  either,  and  differing  in  its  tendency  to 
external  ornamentation.  It  is,  of  course,  possible  that  a  test  of 
this  kind  might  belong  to  an  animal  of  very  different  charac- 
ter from  SacGam/mAna^Mt  in  the  present  state  of  knowledge 
of  such  forms,  I  think  it  quite  justifiable  to  refer  it  to  this 
genus." 

In  a  note  appended  to  the  above  article  (1.  c,  p.  8),  Daw- 
son says,  "  In  a  letter  just  received  from  Mr.  H.  B.  Brady,  he 
says  that  he  knows  of  no  rhizopod  test,  recent  or  fossil, 
precisely  corresponding  to  the  little  Erian  fossil  above  de- 
scribed. He  says — '  the  more  I  examine  your  little  fossil  the 
more  confident  I  am  that  it  bears  no  relation  to  any  rhizopod 
type  that  I  know.'  It  will  then  be  seen  that  he  does  not  ad- 
mit its  affinitv  to  Sacca/mmina  and  that  he  even  doubts  as  to 
its  rhizopodal  character." 

I  am  not  aware  that  any  further  examinations  have  ever  been 
made  of  these  Kelley's  Island  specimens  by  Dawson. 

After  submitting  the  specimens  and  drawings  from  the  Falls 
of  the  Ohio  to  Dr.  A.  Nordstedt,  the  distinguished  Swedish 
authority  on  GJiaracecB^  Dr.  Allen  writes :  *  ''  After  repeated 
investigations,  comparisons,  and  correspondence,  we  must  come 
to  the  conclusion  tnat  the  little  seeds  you  sent  me  are  Fora- 
minifera  and  not  Chara.  I  enclose  Dr.  Newberry's  decision  in 
the  matter.  There  are  two  distinct  features  about  this  matter, 
which  cannot  be  overlooked.  The  first  is  that  these  bodies  are 
very  uniformly  diffused  through  the  rock ;  this  certainly  would 
not  be  the  case  were  they  seeds  of  any  Chara.      The  second 

Soint  is  that  these  rocks  were  formed  under  a  considerable 
epth  of  salt  water.  Now  while  some  species  of  Chara  are 
known  to  inhabit  salt  watery  they  are  as  a  rule,  found  near  the 
mouth  of  large  streams  and  are  not  found  in  any  great  depth 
of  salt  water ;  indeed,  Chara  will  not  grow  out  of  tne  reach  of 
sunlight,  and  ten  to  fifteen  feet  in  depth  is  the  limit  of  growth 
in  Chara." 

Dr.  J.  S.  Newberry,  as  referred  to  above,  is  of  the  opinion 
that  these  organisms  are  unquestionably  identical  with  the 
Sa>ccam,inina  of  Dawson.  He  suggested  that  they  be  sub- 
mitted to  Mr.  H.  B.  Brady,  of  London,  the  well-known  au- 
thoritv  on  the  Foraminifera.  This  was  accordingly  done,  and 
from  nim  the  following  reply  has  been  received  n*  "  I  am  duly 
in  receipt  of  your  letter,  enclosing  specimens  and  drawings. 
The  minute  spiral  organism  sent  is  not  altogether  unknown  to 
me.     I  do  not  in  the  least  believe  it  to  be  Foraminiferal.     In 

*  In  Litt.,  June  20,  1888.  1 1°  Litt-i  July  2,  1888. 
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point  of  minute  structure  it  shows  no  approximation  to  any 
type  of  Foraminifera  with  which  we  are  acquainted.  Like 
yourself,  I  should  have  set  it  down  as  the  nucleus  of  a  Chara, 
or  some  closely  allied  organism,  and  if  it  be  not  that,  I  should 
seek  for  affinities  amongst  the  calcareous  Algae.  The  so-called 
Saccammina  {Calci^phodra)  Eriana^  I  have  not  much  doabt, 
belongs  to  the  same  or  a  closely  allied  group,  but  I  have  never 
been  able  to  accept  it  as  a  Foraminifer. 

It  is  a  very  rare,  almost  unknown  thing,  to  find  Foraminif- 
era of  any  one  species  in  any  deposit,  recent  or  fossil.  There 
are  often  two  or  three  species,  or  a  very  limited  number,  but 
where  one  exists  in  abundance  my  experience  is,  one  always 
meets  with  a  few  specimens  among  allied  forms." 

In  the  hope  that  it  might  find  a  resting  place  among  the  cal- 
careous Algte,  the  specimens  and  drawings  were  next  sent  to 
Prof.  W.  G.  Farlow,  of  Cambridge,  who  reports  upon  them  as 
follows  :*  "At  first  sight,  the  specimens  you  send  certainly  ap- 

fear  to  be  more  like  the  spores  of  Chara  than  any  other  plant 
n  saying  that  the  bodies  were  not  Chara  spores  I  presume 
Nordstedt  was  influenced  by  the  fact  that  there  appear  to  be 
more  than  five  spirala 

Query.  Would  it  be  impossible  that  there  are  Charas  with  a 
different  number  of  spirals  than  in  living  species  ? 

With  regard  to  the  question  of  the  possibility  of  the  bodies 
being  Algae,  I  presume  that  the  suggestion  arose  in  considera- 
tion of  Meunier-Chalmas's  discovery  that  some  supposed  Fora- 
minifera were  really  portions  of  Algae.  The  Algae  in  question 
are  all  Siphonodadias  of  which  Bomatdla  appears  to  be  both 
recent  and  fossil.  I  do  not  think  it  possible  that  your  fossil 
could  belong  to  this  group.  When  whole  they  are  columnar 
or  with  stalks  and  they  can  only  be  mistaken  for  Foraminifera 
when  the  radiating  disks  are  broken  off  and  separate. 

Tour  fossil  is  globular.  The  fragments  of  SiphonocJ^idicB 
are  disk -shaped  and  composed  of  numerous  cells,  and  all  are 
much  larger  than  what  you  send.  Nor  is  it  at  all  probable  that 
they  are  spores  of  this  or  any  other  group  of  Fungi.  I  know 
none  grooved  in  this  way.  Besides,  the  spores  of  Siphonoda- 
diiP  are  not  calcareous,  as  a  rule,  but  are  soft  The  sporangium 
is  calcareous  but  does  not  at  all  resemble  your  fossils.  The 
spores  would  hardly  be  likely  to  survive  as  fossils. 

In  Sip/ii>noi'hufi(¥  the  external  cells  may  be  decidedly  calca- 
reous, but  if  broken  off  from  the  rest,  which  is  not  apt  to  be 
the  case,  the  incrustation  would  not  be  grooved,  but  uniform 
except  at  the  ruptured  spot 

In  short  the  fossil  is  very  much  less  like  any  Algae  than  like 
Ghara  spores,  and  they  have  already  been  excluded  by  com- 
petent experts."' 

♦lu  LitU,  Oct,  23,  1888. 
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These  problematic  organisms  which  have  been  excluded  from 
the  Characese,  Foraminifera,  and  the  calcareous  Algae,  were 
described  and  exhibited  informally  to  several  members  of  the 
Washington  Biological  Society,  in  the  hope  that  .some  one 
might  be  able  to  saggest  a  possible  relationsliip.  Dr.  Th.  Gill 
suggested  their  resemblance  to  certain  ova-capsules  of  Mollnsks 
ana  Hydroida.  Dr.  W.  H.  Dall,  to  whom  they  were  shown, 
was  also  at  first  struck  by  the  resemblance  between  these  or- 
ganisms and  the  ova-capsules  of  Mollusks,  but  after  a  careful 
examination  concluded  that  they  could  not  possibly  belong  to 
them  as  the  shell  of  the  organism  is  very  thick  and  calcareous 
while  the  ova  capsules  of  the  Mollusks  are  uniformly  thinner 
and  not  calcareous,  but  chitinous,  which  would  not  be  likely  to 
be  changed  in  fossilization.  Mr.  Richard  Rathbun,  of  the  U. 
S.  Fish  Commission,  also  denied  the  possibility  of  their  being 
eggs  or  ova-eapsules  of  star-fish. 

As  to  their  resemblance  to  the  ffonang^a  of  the  Hydroida,  an 
examination  of  the  Monographs  by  Allman  in  the  Challenger 
Reports  shows  it  to  be  impossible.  One  of  the  species  most 
resembling  it  is  Calamphora  parwla  All.*  ;  but  the  gonangia 
stand  upon  well  marked  stalks  and  they  are  described  as  "dis- 
tinctly annnlated  "  while  these  organisms  are  no  less  distinctly 
spiral,  and  without  positive  evidence  of  a  stalk  or  pedicel. 

The  only  other  point  which  it  now  remains  to  consider  in 
this  connection  is  the  result  of  the  observations  made  by  Pro- 
fessor W.  C.  Williamson  and  recorded  in  number  X  of  his  in- 
valuable memoirs  "  On  the  Organization  of  the  Fossil  Plants 
of  the  Coal  Measures."  Having  formerly  shown  that  one  of 
the  supposed  Carboniferous  Foraminifera  was  really  a  plant  he 
has  been  lead  to  examine  several  other  Carboniferous  forms, 
thinking  it  probable  that  some  of  them  might  also  be  proven 
to  be  vegetable  and  not  animal.  The  organisms  investigated 
by  Professor  Williamson  were  mentioned  by  Professor  Judd 
before  the  Geological  Society  of  Londonf.  He  regarded  them 
as  undoubted  Madiolaria/ns,  They  come  from  the  limestone 
rock  near  Rhydymwyn  which  is  near  Mold,  in  Flintshire.  It 
was  impossible  to  separate  the  organisms  from  the  matrix 
and  the  only  means  of  studying  them  was  by  thin  sections. 
They  are  shown  to  be  hollow  spheres,  "  most  of  which  are  fur- 
nished with  varying  forms  of  peripheral  appendages."  Several 
forms  are  namea  by  Williamson,  m  some  of  which  the  wall  of 
the  sphere  is  structureless,  while  in  others  it  is  described  as 
"  double,  but  the  inner  and  outer  layers  enclose  between  them 
numerous  small  cubical  compartments  separated  by  radiating 
partitions.     The  compartments  are  filled,  like  the  central  sphere 

*  Challenger  Reports,  vol.  xxiii.,  PI.  x,  fig.  3a. 

f  Quart.  Joum.  Geol.  Soc.,  vol.  xxxiii,  Load.  1877,  p.  836. 
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cavity,  with  infiltrated  translucent  calcic  carbonate."  The  per- 
ipheral marking,  as  stated  above,  varies  greatly,  some  being 
perfectly  smooth,  others  provided  with  long  irr^ular  projec- 
tions or  spines.     None  seem  to  be  distinctly  spiral. 

Professor  Williamson  examined  at  the  same  time  examples 
from  Kelley's  Island  of  the  Saecammina  of  Dawson.  Of  these 
he  says :  "  Like  the  Welsh  specimens,  they  have  been  more 
opaque  than  the  surrounding  matrix,  when  viewed  by  traD&- 
mitted  light.  *  *  *  Each  organism  has  been  a  hollow  sphere. 
The  sphere  wall  has  been  much  thicker  in  proportion  to  its  en- 
tire diameter  than  is  the  case  among  the  Welsh  specimens. 
Externally  the  transverse  section  of  each  sphere  presents  an 
undulating  outline,  due  to  the  intersection  of  prominences  and 
ridges  that  characterize  its  surface.  Sometimes  these  projec- 
tions surround  the  entire  section,  but  more  frequently  they  are 
absent  from  limited  portions  of  the  periphery.  Occasionally 
these  ridges  may  be  seen  pursuing  an  obligue  direction  like  the 
bands  across  the  nucleus  of  a  Uhara.  The  central  cavity  is 
always  occupied  by  crystalline  infiltrated  carbonate  of  lime. 
Though  the  sphere  wall  often  exhibits  a  granular  texture,  1 
discovered  a  radiating  structure  in  a  sufficient  number  of  the 
specimens  to  convince  me  that  in  this  respect  they  have  closely 
resembled  some  of  the  Welsh  specimens."  In  conclusion  he 
says  :  "  Whilst  I  am  thoroughly  satisfied  that  these  objects  are 
not  liadiolaHans^  it  is  not  easy  to  say  what  they  ara" 

In  order  that  these  organisms  mav  be  distinf^uished  they 
have  been  referred  by  Professor  Williamson  to  a  provisional 
genus  CalcisphcBra^  created  for  the  purpose.  The  Kelley's 
Island  form  is  called  Cateinphc^ra  rohu^ta. 

The  Calcisph^era  of  Williamson  has  still  later  been  found  by 
Wethered  in  the  Carboniferous  Limestone  of  Gloucestershire.* 
After  discussing  the  views  held  by  Professor  Judd  and  Pro- 
fessor Williamson  he  concludes  that  "  the  tests  were  originally 
calcareous  and  not  siliceous."  "  This  was  urged  as  a  strong 
argument  against  regarding  the  organisms  as  Radiolaria,  and 
the  author,  while  considering  it  unwise  to  come  to  a  decided 
opinion,  believed  it  safe  to  say  that  they  are  Protozoa." 

The  evidence  in  regard  to  the  nature  of  this  most  puzzling 
organism  has  been  passed  in  review.  It  will  be  observed  that 
the  fii*st  impression  of  almost  all  who  have  examined  it  has 
been  that  it  is  a  ''  fruit  "  of  Chara.  The  principal  objection  to 
this  view  is  that  the  8j)orostcgium  has  nine  or  ten  cells,  while  all 
the  heretofore  discovered  species,  both  living  and  fossil,  pos- 
sess only  five  cells.  There  is  also  the  diflPerence  in  the  direc- 
tion of  the  spiral.  The  further  objection  that  the  organisms 
are  too  uniformly  distributed  throughout  the  matrix  to  be 

*  Quart.  Journ.  Geol.  Soc.,  vol.  xliv,  p.  91,  Loud.  18S8. 
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a  does  not  seem  to  be  well  taken  since  we  have  abandant 
iples  of  the  shells  of  small  mollusks  very  evenly  distrib- 
throuffh  the  matrix.     The  objection  that  Chara  could  not 

in  the  depth  of  salt  water  indicated  by  the  namerons 
s  and  Brachiopods,  is  much  more  serious  and  may  be  fatal 
e  view  that  it  can  be  Chara.  Be  that  as  it  may,  the  evi- 
e  both  pro  and  con  is  presented,  and  it  is  to  be  hoped  that 

one  may  be  able  to  relegate  it  ultimately  to  its  proper 
matic  position. 

order  that  these  organisms  from  the  Falls  of  the  Ohio 
be  referred  to  independently  I  propose  to  call  them  Calci- 
ra  Lemoni  after  the  collector,  particularly  as  I  can  not 
'd  them  as  Foraminiferal  and  identical  with  Dawson's 
vmmina^  and  moreover  the  name  Calciephcera  is  not  mis- 
ng  whatever  their  nature  may  eventually  be  proved  to  be. 


XXIV. —  On  some  curiously  developed  pyrite  cryetale 
nn  French  Greeks  Delaware  Co,^  Pa,;  by  S.  L.  Pen- 
eld. 

IDINARILY  simple  octahedrons  and  cubes  of  pyrite  occur 
•ench  Creek,  Pa.,  while  occasionally  rarer  comoinations  are 
;vith,  as  the  cube  with  ;r(420),  K^^)-  The  crystals  are  bright 
have  a  good  luster,  but  are  usually  covered  with  vicinal 

and  are  sometimes  quite  distorted  by  them.  The  crystals, 
h  are  to  be  especially  described  in  the  present  article,  are 
which  are  in  tne  collection  of  Mr.  C.  S.  Bement  of  Phila- 
lia,  and  two  in  the  collection  of  Professor  Geo.  J.  Brush 
ew  Haven,  and  I  take  pleasure  in  expressing  my  thanks 
ese  gentlemen  for  their  generosity  in  placing  the  crystals 
y  disposal  for  study.  They  are  in  all  cases  isolated  crys- 
built  out  in  all  directions  and  showing  no  attachment.     I 

been  unable  to  obtain  any  exact  information  as  to  their 
5  of  occurrence,  and  can  only  state  that  they  are  very  rare 
ire  from  the  iron  mines  of  French  Creek, 
le  special  peculiarity  of  these  crystals  is  that  they  are  ab- 
lally  developed,  i.  e.,  lengthened  out,  in  the  direction  of 
)f  the  crystallographic  axes.  If  we  take  this  direction  as 
ertical,  the  crystals  will  appear  either  as  steep  tetragonal 
thorhombic  pyramids.  In  all  cases  the  pyramidal  faces 
urved  toward  the  apex  and  as  a  result  of  this  the  pole 
5,  running  from  the  lateral  to  the  vertical  axes,  are  curved 
}  the  middle  edges,  running  between  the  lateral  axes,  are 
jctly  straight.  Owing  to  this  curving  the  angles  between 
aces  can  not  be  measured  with  the  reflecting  goniometer 
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and  admit  of  only  approximate  measnrement  with  the  contact 
goniometer.  The  crystals  have  a  remarkably  perfect  geometri- 
cal development,  that  is,  similar  faces  are  developed  to  almost 
exactly  the  same  size  and  extent. 

The  first  three  crystals  to  be  described,  which  are  in  the 
Bement  collection,  appear  as  tetragonal  pyramids.  By  meas 
urement  of  the  interfacial  angles  over  and  near  to  the  middle 
edges  the  faces  were  found  to  be  steep  enough  to  cut  the  ver- 
tical axes  at  1*25,  1*50  and  1*80  respectively,  but  owing  to  the 
curving  the  distances  at  which  the  faces  actually  intercept  the 
vertical  axes  are  less.  Figures  1,  2  and  3  represent  the  three 
crystals,  drawn  with  the  same  length  of  the  lateral  axes  and 
with  the  pole  edges  straight  for  a  short  distance  from  the  lat- 
eral axes  and  steep  enough  to  cut  the  vertical  axes  at  1"25,  1*5«J 
and  1*80  respectively,  but  curved  toward  the  top  so  that  the 
vertical  axes  are  really  cut  at  I '16,  1*25  and  1*50  respectivek, 
according  to  actual  measurement  of  the  diameters  of  the  crys- 
tals. The  crystals  are  of  good  size  and  measure  in  the  direc- 
tion of  the  vertical  axes  respectively,  22,  22  and  33' 


(nun 


The  remaining  crystals  are  perhaps  more  interesting  owing 
to  the  occurrence  of  pyritohedral  or  pentagonal  dodecahedral 
faces,  which  in  all  of  the  crystals  occur  only  at  the  extremities 
of  the  lateral  axes.  The  faces  are  rough,  but  approximate  meas- 
urements with  the  contact  goniometer  determine  the  crystals  to 
be  the  ordinary  pyrite  form  <?,  ;r(210),  i(i-2).  The  pyramid  is  in 
all  cases  the  curved  \  form,  r,  like  fig.  2.  The  pyramid  faces  are 
always  striated  near  to  and  about  the  front  pyritohedral  faces, 
the  striae  being  a  little  steeper  than  the  combination  edge 
between  e  and  r  and  having  about  the  direction  of  the  combi- 
nation edge  ;r(421),  ^(4-2)  and  r.  The  pyritohedral  faces  have 
very  diflPerent  shapes  at  the  extremities  of  the  two  lateral  axes 
and  the  crystals,  having  only  three  symmetry  planes,  resemble 
orthorhombic  forms.     The  two  crystals  in  the  Brush  coUection, 
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which  are  so  nearly  alike  that  they  can  not  be  told  apart,  are 
represented  in  fig.  4.  Fig.  5  represents  a  crystal  in  the  Be- 
ment  collection  where  the  edges  between  the  e  faces  at  the 
sides  and  r  are  replaced  by  a  form  x  in  the  zone  e^  r.  The  x 
faces  are  all  rough  and  admit  of  only  approximate  mcasnre- 


6 


ment  with  the  contact  goniometer.  The  symbol  was  deter- 
mined to  be  (6, 12,  7),  2-y .  There  are  only  eight  of  these  faces 
instead  of  the  twenty-four  which  we  should  expect  in  an  or- 
dinary pyrite  crystal.  Fig.  6  represents  a  crystal  in  the  Bement 
collection  in  which  the  e  faces  are  larger.  This  is  the  most 
nnsymmetrical  of  all  the  crystals  ;  on  the  side,  which  is  turned 
away  from  the  observer,  the  e  faces  are  so  large  that  the  front 
and  side  ones  just  meet  forming  a  solid  angle  and  leaving  none 
of  the  middle  edges  between  the  lateral  axes ;  on  the  other 
side,  which  is  shown  in  the  figure,  the  e  faces  are  still  larger 
and  the  edges  between  them  are  replaced  by  the  small  s  faces 
231,  3-J.  The  s  faces  were  bright  and  admitted  of  approxi- 
mate measurements  on  the  refiectinggoniometer  giving  « ^ «, 
231 A  231  =  30°  40',  calculated  31°  0'.  These  s  faces  differ  from 
the  ordinary  pyrite  combination,  for  with  210  and  021  usually 
321,  132  and  213  occur  in  one  octant,,  while  here  only  one  of 
the  alternating  faces  231  occurs. 

All  who  have  seen  these  crystals  pronounced  them  the  most 
curious  and  interesting  pyrite  crystals  that  they  have  ever  seen. 
^  Why  they  have  been  distorted  in  this  pecu- 

liar way  1  cannot  venture  to  say.  Some  law 
must  have  governed  them  for  they  all  have 
such  perfect,  though  lower  than  isometric, 
symmetiT.  It  is  perhaps  the  result  of  the 
vicinal  development  of  the  faces  which  is  so 
common  at  the  locality.  If  in  fig.  7,  which 
is  the  ordinary  isometric  trigonal-trisoctahe- 
dron  332,  f ,  the  four  r  faces  in  front  and 
the   corresponding   ones  behind  were  ex- 
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tended  they  would  give  a  tetragonal  pyramid  like  fig.  2,  except 
that  fig.  2  has  been  somewhat  shortened  by  the  curved  nature 
of  the  faces.  The  curious  forms  which  we  have  been  con&id- 
erine  I  prefer  to  regard  as  abnormally  developed  trigonal-tris- 
octahedrons.  That  they  are  really  isometric  is  proved  by  the 
occurrence  of  the  ordinary  pyrite  form  ;r(210),  i(t-2).  The 
behavior  of  one  of  the  curved  crystals  on  the  reflection  goni- 
ometer is  also  quite  striking.  Measuring  from  pyramid  to 
pyramid  over  the  vertical  axis  the  very  points  gave  sharp  reflec- 
tions of  the  signal  and  then  on  turning  the  crystal  there  followed 
an  unbroken  band  of  light,  with  no  sharp  reflection  of  the 
signal;  as  long  as  diflferent  parts  of  the  curved  surfaces  were  in 
a  position  to  reflect  the  light.  The  angle  between  the  sharp 
reflections  of  the  signal,  obtained  from  the  very  minute  flat  eur- 
faces  at  the  points,  was  found  to  be  109*^  36%  calculated  for 
OasO  (111 /sill)  109°  28'.  We  see  from  this  that  our  steep  I  pyra- 
mid at  the  base,  becomes  by  the  curving  gradually  flatter  till  it 
corresponds  to  a  unit  pyramid  or  octahedron  at  tne  vertex. 

The  specific  gravity  of  two  of  the  crystals  represented  in 
figs.  2  and  4  was  found  to  be  5,016  and  5,022  respectively. 

I  would  also  mention  here  a  specimen  from  French  Creek 
which  has  been  in  Professor  Brush's  collection  since  1850. 
The  pyrite  crystals  which  are  implanted  on  m^netite  are  very 
flat  tiigonal-trisoctahedrons,  appearing  at  flrst  sight  like  octahe- 
drons. Tliese  are  tlie  only  crystals  which  I  have  seen  from 
this  locality  where  the  vicinal  faces  form  a  distinct  and  clean 
cut  pyramid  on  the  octahedron  faces.  The  faces,  however,  are 
not  perfect  enough  to  give  a  distinct  and  single  reflection  with 
the  goniometer.  The  angle  between  two  of  the  faces  is  not  over 
3°  50'  and  consequently  the  value  of  m  in  the  symbol  ma^  a,  a 
cannot  exceed  |-f  although  it  is  useless  to  assign  a  deflnite  sym- 
bol to  faces  where  the  angle  cannot  be  measured  more  exactly, 
and  where  a  slight  variation  in  the  angle  causes  a  very  decided 
change  in  the  symbol. 

Mineralogical  Laboratory,  SheflBeld  Scientific  School,  Dec.  18th,  1888. 

Additional  note. — Very  recently  Mr.  Greo.  L.  English  of  Philadelphia  sent  mei 
suite  of  French  Creek  pyrites  from  his  private  collection  containing  six  of  the 
elongated  pyramids,  mostly  of  the  fig.  4  type,  also  a  number  of  cube  octahedron 
and  pyritohedron  combinations  which  are  modified  and  rounded  by  the  oocum?n« 
of  vicinal  faces  and  one  crystal,  forming  a  sort  of  connecting  link  between  an 
octahedron  and  the  fig.  2  type,  where  the  octahedron  and  some  trigonal  trisocto- 
hodral  faces  round  off  and  blunt  the  apex  of  the  pyramid.  He  also  informs  iM 
that  the  isolated  crystals  occur  imbedded  in  calcite.  a  L.  P. 
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Art.  XXV. — OrystaUized  Bertrandite  from  Stoneham^  Me.^ 
and  Mi,  Antero^  Colorado  ;  by  S.  L.  Fenfield.  ^ 

1.  Stoneham^  Maine, 

For  the  bertrandite  from  Stoneham,  Me.,  the  second  locaKty 
in  the  United  States,*  I  am  indebted  to  Mr.  George  F.  Eunz 
of  New  York.  He  states  that,  at  the  time  herderite  was 
found  and  described  by  Mr.  Hidden,f  he  noted  the  small 
crystals  occurring  in  pockets  with  the  herderite  and  laid  them 
aside  as  an  unknown  mineral ;  the  quantity  was  too  small  to 
warrant  any  further  investigation  at  the  time.  Becoming  con- 
vinced, after  the  identification  of  bertrandite  at  Mt.  Antero,J 
that  his  crystals  were  the  same  mineral  he  generously  turned 
them  over  to  me  for  identification  and  description.  Only  a 
few  specimens  were  observed  and  the  crystals  were  all  small, 
the  largest  of  the  three  which  were  detached  for  measurement 
being  about  2*5°™  long  by  I'S"""  broad.  The  luster  of  the 
faces  is  not  very  perfect  and  the  measurements  with  the  re- 
flecting goniometer  not  as  good  as  could  be  desired.  The 
habit  of  the  crystals  is  unlike  anything  that  has  been  pre- 
viously described  and  as  it  throws  considerable  light  on  the 
crystallization  of  the  mineral  is  worthy  of  a  detailed  descrip- 
tion.    The  forms  which  were  observed  were  as  follows : 


la 


2a 


c,  001,  0;  6,  010,  i-l;  h,  130,  t-3 :  rf,  102,  ^-i;  e,  031,  3-t  and  a;,  162,  3-6. 

The  simplest  combination  is  shown  in  fig.   1,  where  the  faces 
c  and  d  are  prominent  at  one  end  of  the  vertical  axis  and  c 

*In  a  letter,  dated  Sept.  26,  1888,  Mr.  W.  E.  Hidden  announced  to  us  that  he 
Ud  identified  bertrandite  (or  a  new  mioeral)  on  specimens  of  herderite  from 
Stoneham. — Ese. 

t  This  Journal,  IH,  xxrii,  136,  Feb.,  1884.        tn)id.,  Ill,  mvi,  p.  52,  1888. 
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and  e  at  the  other.  This  can  be  explained  most  readily  by 
considering  the  crystal  as  hemiinorphic  in  the  direction  0/  the 
vertical  axis.  As  in  our  ordinary  crystallographic  projection 
the  figures  of  our  crystals  are  very  much  fore-snortened  in  the 
direction  of  the  brachy  axis  a,  and  as  the  bertrandite  crystal? 
are  elongated  in  this  direction,  I  have  re-drawn  fig.  1  making 

a  the  vertical  axis,  c  the  front  and  leaving  T>  unchanged  as  in 
fig.  la,  vsrhich  gives  a  very  good  idea  of  the  crystals.  Figures 
2  and  2a  drawn  the  same  as  above  represent  a  more  highly 
developed  crystal.  The  most  conspicuous  faces  on  these  crystals 
are  c  and  d  above,  both  of  which  are  highly  polished  and  giye 

food  reflections.     The  faces  at  the  other  end  of  the  c  axis  are 
y  no  means  as  good,  the  luster  is  poor  and  the  faces  oscillate 
and  combine  with  one  another  in  such  a  way  that  the  edges  are 
not  sharp  and  continuous ;  this  is  especially  the  case  when  x  is 
present.    The  x  faces  are  not  sharp  and  well  defined  but  ronnd 
off  the  ends  of  the  crystal  in  such  a  way  that  they  do  not  form 
straight  edges  with  g  and  e  ;  they  gave  also  no  sharp  reflection 
of  the  signal  with  the  goniometer.    Approximate  measurements, 
however,  and  the  occurrence  of  the  faces  in  the  zone  d  and  h 
determine  its  indices  to  be  162  (3-8).     The  brachy-pinacoid  b 
gave  fairly  good  reflections,  h  was  in  all  cases  small  and  gave 
faint   reflections.     One   twin  crystal  was  observed,   the  basal 
plane  c  being  the  twinning  plane  and  the  d  faces  making  a 
very  prominent  reentrant  angle.     The  crystals  are  usually  at- 
tached at  one  end  of  the  brachy  axis  and  as  only  one  of  the 
bright  d  faces  is  conspicuous  tney  have  a  very  decided  mono- 
clinic  appearance.     In  one  of  the  detached  crystals  part  of  a  sec- 
ond d  face  was  present  developed  as  in  the  figures  and  showing 
that  the  crystals  are  truly  hemiinorphic  and  not  monoch'nic 
In  detaching  one  of  tlie  crystals  a  very  perfect  cleavage  parallel 
to  h  watJ  developed  which  has  not  been  observed   before;  the 
highly  perfect  prismatic  and  basal  cleavages  were  also  observed, 
the  same  as  in  the  Mt.  Antero  crystals.     If  we  take  the  best 
measurements  which  were  obtained, 

c^d,    001  ^  102  =  27*'  42'    and 
m^m,  110  a  1I0=59"  16', 

the  latter  being  cleavage  faces,  we  obtain  the  axial  ratio  given 
below,  while  for  comparison  the  ratio  obtained  from  the  Mt. 
Antero  mineral  is  also  given : 

Stonoham,   Me.    c:  Z>:  a  =  0-5973:  1 :  0-5688 
Mt.  Antero,  Coi.  c:h'.a  =  0*5953 :  1 :  0-5723 

I  am  inclined  to  give  the  preference  to  the  measurements  on 
the  Stoneham  crystals ;  if  so,  the  angles  which  have  been  meas- 
ured and  the  calculated  values  are  as  follows  : 
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No.  1. 

No.  2. 

Calculated 

c^d  001  A  102=27°  40' 

27*  42' 

27*  42' 

c^e  001^031  =  60'*  22' 

60*  63' 

60*  60' 

c^e  001  A 031=60*  68' 

60*  50' 

60*  50' 

c^h  0?l  A  010=90*  V 

90* 

m  ^m 

59*  16' 

69*  16' 

6^^010  A  130= 

29*  30' 

30*  22' 

3 


The  crystals  are  not  very  transparent  and  favorable  for  the 
determination  of  the  optical  properties  ;  in  conver^ng  polarized 
light  with  the  microscope,  an  obtuse  bisectrix  was  seen  nor- 
mal to  <7,  the  plane  of  the  optic  axes  being  the  brachypinacoid. 

The  specific  gravity  was  carefully  taken,  by  just  floating  the 
mineral  in  the  Thoulet  solution,  and  found  to  be  2  598,  exactly 
the  same  as  that  found  for  the  Mt.  Antero  bertrandite.  The 
material  being  very  limited  no  chemical  tests  were  made. 

2.  Bertrandite  from  Mt,  Antero^  Colorado, 

In  a  previous  communication*  I  described  crystals  from  Mt, 
Antero  which  had  a  curious  hemimorphic  development.  The 
crystals  were  composed  of  the  three  pinacoids ;  but  while  one 
of  the  basal  planes  was  flat  the  other  was  rounded  and  striated 
parallel  to  the  a  axis  by  oscillatory  combinations  of  the  basal 
plane  with  a  brachy-dome,  probably  Oil.     Figure  3  represents 

a  section  across  one  of  the  Mt  An- 
tero crystals  parallel  to  the  macro- 
\i  pinacoid  which  was  drawn  with  a 
camera  lucida  and  magnified  17 
diameters.  During  the  past  summer 
a  number  of  bertrandite  specimens  were  found  ana  all  of  them 
showed  this  peculiarity.  Some  of  the  crystals  which  are  now 
in  the  collection  of  Mr.  C.  S.  Bement  of  Philadelphia,  are 
25™  long,  8™  wide  and  3™  thick.  That  the  rounding  of 
one  of  the  basal  planes  is  not  accidental,  but  is  owing  to  a  hemi- 
morphic development  of  the  crystals,  cannot  be  doubted.  As 
proof  of  this,  one  of  the  largest  crystals  was  tested  for  pyro-elec- 
tricity by  the  admirable  method  proposed  by  Prof.  A.  Kundt.t 
The  crystal  was  heated  in  the  air-bath  to  100°  C.  and  on  cooling 
was  dusted  with  a  mixture  of  red  oxide  of  lead  and  sulphur.  The 
experiment  was  most  satisfactory,  the  flat  basal  plane  showed 
strong  positive  electricity  and  became  coated  with  the  yellow 
sulphur,  while  the  rounded  basal  plane  showed  negative  elec- 
tricity and  was  coated  with  red  oxide  of  lead. 

Tests  for  pyro-electricity  were  also  made  on  the  Stoneham 
crystals  but  they  were  so  small  that  it  could  scarcely  be  deter- 

*  This  Journal,  III,  xxxvi,  p.  52,  1888. 

f  Annalen  der  Physik  u.  Chemie,  xz,  p.  592,  1883. 

Am.  Joub.  Scl— Thuu>  Sxbiks,  Vol.  XXXVII,  No.  219.— Maboh.  1889. 
14 
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mined  with  certainty.  It  seemed,  however,  as  if  the  basal 
plane  in  combination  with  the  deface  showed  positive  electricity, 
the  same  as  the  flat  basal  plane  of  the  Mt.  ,  Antero  crystals. 
while  the  other  basal  plane  showed  negative  electricity. 

In  closing,  I  wish  to  express  my  thanks  to  Messrs.  Greorge 
F.  Kunz  and  C.  S.  Bement,  who  provided  me  with  material 
for  study  and  to  Mr,  George  L.  English  of  Philadelphia,  who 
sent  me  a  large  number  of  Mt.  Antero  crystals  for  examina- 
tion. 

Mineralogical  Laboratory,  Sheffield  Scientific  School,  Dec.  12,  1888. 


Art.  XXYl.—^Muieralogicdl  Notes ;  by  J.  S.  Diller 

1.  Dumortierite  from  Harlem,  N,    Y.,  and    Clip^  Arizona ;  by 

J.  S.  Diller  and  J.  E.  Whitfield. 

In  this  Journal  for  Nov.,  1887,  p.  406,  Dr.  R  B.  Riggs  pub- 
lished a  description,  including  a  chemical  analysis,  of  "The so- 
called  Harlem  Indicolite,"  which  was  regarded  as  probably  a 
new  boro-silicate.  The  notice  led  to  correspondence  with 
Prof.  E.  S.  Dana,  who  identified  the  mineral  as  damortierite 
and  kindly  sent  us  some  of  the  original  dumortierite  from 
near  Lyons,  France,  for  comparison. 

The  physical  properties  of  the  Harlem  dumortierite  agree 
very  closely  with  those  mentioned  by  Bertrand,*  Gonnmt 
and  Damour.:!^     Crystals  are  very  rare.     An  imperfect  one§ha6 

been  observed  with  a{  qoPqo  )  and  m(  ooP)  equally  developed- 
Both  planes  are  striated  parallel  to  the  vertical  axis.  Indis- 
tinct reflections  allowed  only  approximate  measurement  am- 
152°,  and  therefore  7/i7/(^=  12A°.  Obtuse  terminal  planes  rarely 
observed  on  embedded  crystals. 

Cleavage  parallel  to  a  is  distinctly  developed  so  that  when 
the  mineral  is  crushed  and  examined  under  a  microscope  cleav- 
age plates  may  be  found  which  show  an  obtuse  bisectrix  lying 

parallel  to  h{  oopoo ).  Cross  fractures  occasionally  yield  basal 
sections  which  may  be  made  to  exhibit  an  acute  bisectrix.  Ex- 
tinction always  takes  place  parallel  to  the  vertical  axis  and  the 

*Bull.  Soc.  Min.  d.  France,  vol.  iii,  p.  171,  1880,  and  vol.  iv,  p.  9,  1881. 

f  Bull.  Soc,  Min.  d.  France,  vol.  iii,  p.  2,  1881. 

X  Bull.  Soc.  Min.  d.  France,  vol.  iv,  p.  6,  1881. 

§  It  was  kindly  loaned  to  us  by  Mr.  R.  T.  Chamberlin  of  New  York.  Our 
thanks  are  also  due  to  Mr.  Geo.  F.  Kunz  for  the  material  he  so  fi^nerously  fur- 
nished tor  this  investigation.  It  was  collected  along  FoQrth  Avenue  at  120thaDd 
122nd  Streets  as  well  as  near  Ft.  George,  a  new  locality  of  the  same  district 
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mineral  is  evidently  rhombic*  In  cross  sections  imperfect 
cleavage  is  rarely  seen  parallel  to  some  prismatic  plane.  Poly- 
synthetic  twinning  is  very  common  parallel  to  &  as  well  as 
other  planes  in  the  prism  zone.  Liquid  inclusions  and  long 
tubular  cavities  parallel  to  the  vertical  axis  are  abundant. 
Hardness  =7  and  sp.  gr.  slightly  above  3*265. 

The  rock  in  which  tne  dumortierite  occurs  at  Harlem  is  the 
pegmatoid  portion  of  a  biotite  gneiss.  These  coarse  vein-like 
parts  are  composed  of  quartz  with  both  red  and  colorless  or- 
thoclase,  some  plagioclase  and  tourmaline.  The  other  portions 
of  the  rock  contain  much  biotite  and  garnet.  The  fibers  of 
dumortierite  are  sparingly  scattered  through  the  quartz  in  the 
coarse  granular  rock.  A  few  were  observed  penetrating  plagi- 
oclase. The  thin  thread-like  fibers  are  occasionally  so  small  as 
not  to  be  distinctly  dichroic,  but  they  are  intermingled  and 
connected  with  larger  dichroic  fibers  by  every  intermediate 
gradation  in  size,  so  that  an  observer  at  once  regards  them  all 
as  the  same  mineral.  They  sometimes  closely  resemble  the 
trichitic  forms  in  granitic  quartz  which  Dr.  G.  W.  Hawesf  and 
many  others  following  his  suggestion,  regarded  as  rutile. 

The  presence  of  tourmaline  in  the  rock  at  Harlem  was  not 
at  first  recognized.  It  is  so  intimately  associated  with  the  du- 
mortierite that  they  cannot  be  easily  separated.  Their  pleo- 
chroic  phenomena,  however,  are  so  unlixe  that  they  can  be 
readily  distinguished  under  a  polarizing  microscope.  The 
presence  of  tourmaline  renders  the  results  of  Mr.  Riggs'  anal- 
ysis less  trustworthy.  By  means  of  the  Klein  solution  and  an 
electro-magnet  the  tourmaline  was  separated  from  the  dumorti- 
erite. The  '217  gram  of  the  latter  thus  obtained  was  analyzed 
with  the  following  result.:^  Only  the  smallest  trace  of  B,0, 
was  observed. 

SiO,  31-44  A1,0  68-91 

Fortunately,  at  the  time  it  became  particularly  desirable  to 
obtain  a  larger  quantity  of  dumortierite  for  analysis  a  collec- 
tion of  minerals  was  sent  by  Mrs.  C.  A.  Bidwell  from  Clip, 
Yuma  Co.,  Arizona,  to  the  ffatioual  Museum  for  identification. 
Among  them  Prof.  F.  W.  Clarke  noticed  a  blue  mineral  which 
proved  to  be  dumortierite.  It  is  finely  fibrous  and  so  abundant 
as  to  give  color  to  the  rock  which  is  composed  chiefly  of  gran- 
ular quartz.  A  few  grains  of  magnetite  and  limonite  are  the 
only  other  minerals  intermingled  with  the  quartz  and  dumorti- 
erite, so  that  it  seems  an  easy  matter  by  means  of  a  heavy  solu- 

*  My  observation?,  noted  in  Mr.  Kiggs's  paper,  already  referred  to,  were  very 
hastily  made  vnth  imperfect  apparatus,  and  published  before  I  had  an  opportu- 
nity for  tbeir  revision. — J.  8.  diller. 

j  Mineralogy  and  Lithology  of  N.  H.,  p.  45,  1878. 

\  The  chemical  work  for  this  paper  was  done  by  Mr.  Whitfield. 
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tion  and  an  electro-magnet  to  obtain  the  latter  mineral  for 
chemical  analysis.     The  results  are  given  under  I,  below. 

These  figures  appear  to  show  the  material  analyzed  to  be  im- 
pure and  it  was  tnought  advisable  to  obtain  more  of  tibe  rock 
and  endeavor  to  separate  the  dumortierite  as  far  as  practicable 
from  all  impuritiea  Mrs.  C.  A.  Bidwell  kindly  furnished  a 
sufficient  amount  of  much  better  material  in  which  the  onlv  min- 
eral associated  with  the'  dumortierite  was  quartz.  As  aumor- 
tierite  is  not  acted  upon  by  hydrofluoric  acid  the  rock  after  be- 
ing crushed  to  small  particles,  was  digested  in  this  acid  for  a 
length  of  time  sufficient  to  decompose  most  of  the  quartz. 
The  mass  was  then  washed  with  water,  dried  and  any  quartz 
that  mifi^ht  still  remain,  separated  by  Thoulet's  solution.  After 
thorough  washing  the  material  was  examined  with  the  aid  of  a 
microscope  and  found  to  be  free  from  gangue.     Having  been 

f  round  exceedingly  fine  and  dried  at  104®  C.  for  about  three 
ours  the  mineral  was  analyzed  with  the  following  results  (II) : 

I.  IL 

Si,0, 31-52  27-99 

A1,0, 63-66  64-49 

CaO trace                         

MgO -52  trace 

Na_0 -37                         

K,0 11 

B,0, 2-62  4-95     4-93 

P,0, 0-20 

Ignition  ...  1-34             H,0  ..1-72 

100-14  99-35 

Analysis  II  shows  less  impurity  than  the  first  specimen  anal- 
yzed. These  results  indicate  either  that  dumortierite  is  not  a 
simple  silicate  of  alumina  as  stated  by  Damour,*  or  else  that 
the  material  analyzed  was  a  mixture  of  dumortierite  with  some 
other  compound. 

If  we  assume  the  formula  of  Damour  to  be  correct  and  esti- 
mate all  the  SiO,  in  the  analysis  as  belonging  to  the  formula 
AlgSijOj,,  then  there  will  be  left  unaccounted  for  a  small  amount 
of  A1,0„  H,0  and  B,0,  and  these  are  present  in  the  propor- 
tions represented  by  the  formula  A1B,0,.  211,0.  If  this  mode 
of  interpretation  be  correct  then  the  mineral  from  Arizona 
corresponds  approximately  to  the  formula  3AlgSi,OigAlB,0,. 
2H,0  which  requires  Al,0,=^>^*2^;  SiO,=27-6^.  B,0,=5-4^; 
H,0=l*8^  agreeing  quite  closely  with  the  actual  analysis.  A 
borate  of  alumina  corresponding  to  the  above  formula  is,  we 
believe,  not  actually  known,  and  concerning  its  properties  noth- 

*  Bull.  Soc.  Min.  d.  France,  vol.  iv,  p.  6. 
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ing  can  be  predicted.  If  it  exists  it  is  certainly  remarkable 
that  it  shonid  withstand  the  treatment  with  hjdroflnoric  acid 
which  the  dumortierite  received  during  the  process  of  purifi- 
cation. 

We  are  greatly  indebted  to  Mrs.  0.  A.  Bidwell  for  the  sup- 
ply of  material  for  investigation,  which  at  the  cost  of  much 
personal  labor  she  so  liberally  furnished.  ^ 

U.  S.  Geol  Survey,  Washington,  D.  C,  Jan.  19, 1889. 
"2.  Supplementary  note  on  the  Peridotite  of  Elliott  C7o.,  ICy.  /*  by 

J.    S.  DiLLER. 

Dr.  Geo.  H.  Williams  recently  identified  perofskite  in  the 
serpentine  of  Syracuse,  N.  T.  (this  Journal,  vol.  xxxiv,  p.  140), 
ana  suggested  that  the  yellowish  grains  which  were  supposed 
to  be  anatase  in  the  peridotite  of  Elliott  Co.,  Ky.  (U.  S.  Geol. 
Surv.  Bull.  No.  38),  may  be  the  same  mineral.  To  definitely 
identify,  if  possible,  the  mineral  in  question  the  powdered 
peridotitic  rock  was  digested  for  a  long  time  in  HCl  until  there 
was  nothing  left  with  tne  yellowish  mineral  but  a  few  grains 
of  garnet,  enstatite  and  chromite.  After  careful  washing,  the 
residue  was  subjected  to  the  action  of  H,SO^  raised  slightly 
above  the  temperature  of  the  water  bath.  The  yellowish 
grains  readilv  aissolved  and  an  analysis  by  Mr.  L.  G.  Eakins 
yielded  the  loUowing  results : 

Insoluble  residue 60*79 

TiO, 22-76 

FeO 6-36 

CaO 10-28 

A1,0, 1-48 

MgO    2-49 

SiO,   6-13 

Total,.-' 99-27 

The  presence  of  A1,0„  MgO,  SiO,  and  part  of  the  FeO  is 
due  to  the  fact  that  part  of  the  garnet  ana  enstatite  were  dis- 
solved, for  after  the  removal  oi  the  yellowish  mineral  they 
were  found  to  be  slightly  soluble  under  the  conditions  of  the 
experiment  The  analysis  clearly  demonstrates  that  the  yel- 
lowish mineral  is  composed  essentially  of  TiO,  and  CaO,  and 
there  is  good  reason  to  believe  the  mineral  is  perofskite  as  Dr. 
Williams  suggested. 

In  the  rocK  the  ilmenite  is  frequently  surrounded  by  a  gran- 
ular border  of  perofskite  which  may  be  so  broad  that  the  pe- 
rofskite appears  to  completely  replace  the  ilmenite  as  if  derived 
from   it   by   alteration.     Like   tlie   perofskite   in  the  melilite 

*ThiB  Journal,  toI.  xzxii,  p.  121. 
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basalt  from  Hochbohl  by  Owen,  it  is  frequently  grouped  with 
the  magnetite.  In  the  Kentucky  rock,  however,  the  perofskite 
is  so  intermingled  with  dolomite  and  other  secondary  products 
as  to  suggest  that  it  belongs  in  the  same  category.  It  is  not 
found  included  in  the  central  portions  of  ilmenite  grains  nor 
in  fact  in  any  of  the  primary  minerals  as  if  present  at  the  time 
of  their  crystallization,  but  occurs  only  under  such  circum- 
stances as  to  lead  to  the  conjecture  that  it  may  have  originated 
subsequently  from  the  alteration  of  the  ilmenite. 

This  opinion  is  rendered  less  probable  when  we  remember 
the  pyrogenous  methods  employed  in  the  artificial  production 
of  perofskite,  and  recall  the  fact  of  the  chemical  stability  of  the 
ilmenite  which  occurs  abundantly  with  pyrope  in  the  sand  re- 
sulting from  the  disintegration  of  the  peridotitic  rock. 

In  the  same  sand  with  the  pyrope  and  ilmenite  a  lameller 
monoclinic  pyroxene  is  sparingly  found.  The  crystals  are  not 
simple  as  those  of  enstatite  previously  noted,  but  made  up  of  a 
multitude  of  twinning  lamellae  lying  parallel  to  the  orthopina- 
coid  along  which  it  may  be  readily  split.  Some  of  these  pyrox- 
enes are  dull  but  others  are  clear  greenish  yellow  like  olivine. 

A  part  of  this  olivine  rock  is  holocrystalline  granular  like 
the  dunites,  but  a  much  larger  portion  than  was  at  first  sup- 
posed is  decidedly  porpliyritic.  Numerous  crystals  of  olivine, 
many  of  them  idiomorphic,  are  embraced  m  a  ground  mass 
which  has  been  greatly  altered  since  its  consolidation.  This 
rock  plainly  belongs  to  the  type  which  the  late  Prof.  H.  Car- 
vill  Lewis  (Kept  of  British  Assoc,  for  Adv.  of  Sci.,  1887,  p. 
721)  designated  kimberlite,  and  which  Prof.  Rosenbusch  classes 
among  the  Pikrite-Porphvrites  (Der  Massigen  Gesteine,  2  EA, 
1887,  vol.  li,  p.  519). 

3.    Gehlenite  in  a  Fwniace  Slag, 

Numerous  square  prisms  of  gehlenite  occur  in  furnace  slag 
found  near  McVille,  Armstrong,  Penn. ;  accordingly  in  the 
thin  section  it  appears  square  or  oblong  rectangular.  The  iso- 
tropic square  sections  are  readily  found  to  be  uniaxial  and  neg- 
ative. Spherical  liquid  and  rod-like  inclusions  are  numerous. 
Cleavage  lines  are  not  conspicuous.  The  easy  gelatinization  of 
the  mineral  in  hydrochloric  acid  and  its  difficult  fusibility  be- 
fore the  blowpipe  readily  distinguish  it  from  similar  miner- 
als. Although  not  previously  reported  as  occurring  in  this 
country,  gehlenite  is  probably  one  of  the  most  easily  obtained 
specimens  to  illustrate  the  optical  properties  of  quadratic  rain- 
erjils  in  thin  sections  and  on  this  account  alone  is  worthy  of 
notice. 
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SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

I.  On  the  Determination  of  molecular  mass  by  m^eans  of  vapor 
pressure, — As  early  as  1878,  Raoult  had  observed  a  relation 
between  the  diminution  of  the  vapor  pressure  of  a  saline  solution, 
the  lowering  of  its  freezing  point  and  the  molecular  mass  of 
the  substance  dissolved.  The  relation  between  the  molecular 
mass  and  the  depression  of  the  solidifying  point  was  developed  in 
1886  {Ann.  Chim.  Fhys.,  VI,  viii,  317,  July,  1886).  He  has  now 
investigated  the  relation  between  the  molecular  mass  of  a  sub- 
stance and  the  lessening  of  the  vapor  pressure  of  a  liquid  in 
which  it  is  dissolved,  taking  ether  as  the  particular  solvent  em- 
ployed.    He  finds  that  for  substances  whose  vapor  pressures  are 

very  low  compared  with  that  of  the  ether,  there  is  a  relation 

f 
expressible  by  the  formula  100*^  =  100— KN;  in  which  /  and  /' 

are  the  vapor  pressures  of  the  ether  alone  and  of  the  etherial  solu- 
tion respectively,  at  the  temperature  of  the  experiment,  N  the 
number  of  molecules  of  the  substance  in  100  molecules  of  the 
solution  and  K  a  constant  depending  on  the  character  of  the  dis- 
solved substance,  whose  value  is  not  far  from  unity.  Thus  for 
turpentine,  aniline  and  ethyl  benzoate  it  was  found  to  be  0*90,  for 
methyl  salicylate  0*82  and  for  nitrobenzene  0-70.  Since  these 
values  do  not  greatly  vary,  K  may  be  taken  as  equal  to  unity  for 
all  substances,  provided  that  the  solutions  be  dilute,  the  value  of 
N  not  being  greater  than  15.  Where  N  is  less  than  3,  the  rela- 
tion is  more  complex,  arising  probably  from  the  fact  that  the 
condition  of  the  substance  in  solution  changes  with  the  degree 
of  concentration.  If  in  the  above  formula  N  be  replaced  by 
100— N',  in  which  N'  represents  the  number  of  ether  molecules 
contained  in  100  molecules  of  the  solution,  the  above  expression 

f 
(taking  K  as  unity)  becomes  100  "^rrN';  or,  in  etherial  solutions 

of  moderate  concentration,  the  partial  pressure  of  the  ether  vapor 
is  proportional  to  N',  the  number  of  ether  molecules  existing  in 
100  molecules  of  the  mixture,  and  is  independent  of  the  nature  of 
the  dissolved  substance.  Direct  experiment  showed  the  ratio  of 
f'lflo  be  independent  of    temperature  between   0°   and   21°. 

f 
The  first  expression  above  given  100  '^  =  100— KN  may  be  put 

/*—/*'       TCW  f 

into  the  form  —/-  =  - — .     The  first  member  of  this  equation 

/  100 

is  called  the  relative  diminution  of  vapor  pressure,  for  the  given 
solution ;  and  hence  the  law  that  for  all  etherial  solutions  of  the 
same  character,  the  relative  diminution  of  vapor  pressure  is  pro- 
portional to  the  number  of  molecules  of  substance  which  are  dis- 
solved in   100  molecules  of  the  solution.     Moreover,  since  K  is 
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unity  for  moderately  dilute  solutions,  '^r^=0*01.     Therefore  if 

the  relative  diminution  of  the  vapor  pressure  be  divided  by  the 
number  of  molecules  of  substance  existing  in  100  molecules  of  the 
solution,  a  quotient  of  0*01  is  obtained,  whatever  be  the  character 
of  the  dissolved  substance.     If  R  molecules  be  dissolved  in  100 

molecules  of  ether,  N=-— - — -\    and  replacing  N   in    the  last 

100+Jlv  f^f  1 

equation  by  its  value  thus  obtained,  we  have  \^^  = |j.  In 

proportion  as  R  decreases,  or  the  solution  becomes  more  dilate, 

the  ratio  -pr^  tends  toward  001 ;  reaching  it  when  R=l  appar- 

ently.  Hence  if  one  molecule  of  a  substance  be  dissolved  in  100 
molecules  of  ether,  the  vapor  pressure  of  the  ether  is  diminished 
by  a  fraction  of  its  original  value  which  is  nearly  constant  and 
which  is  sensibly  equal  to  0*01.  If  m  be  the  mass  of  the  sab- 
stance  dissolved  in   100  grams  of  ether  and  M   be  its  molecalar 

mass  74  being  the  molecular  mass  of  ether,  -— -  = 


N      /— /'        ^^^     100xM  +  74xw; 
and  since  as  above  stated  77^=  — ^r-,  where  K=l,  we  have  for 

/  fm 

the  value  of  the  molecular  mass  M=0*74  ^ — ?,.     Of  course  this 

•  •  • 
value  is  approximate  only ;  but  if  the  boiling  point  of  the  dis- 
solved substance  is  above  140°  and  not  more  than  20  grams  of 
it  be  dissolved  in  100  of  ether,  it  is  sufficient  to  enable  the  mole- 
cular mass  to  be  fixed  as  between  multiple  values.  Thus  the 
molecular  mass  of  turpentine  thus  determined,  is  182 ;  of  anillDe 
87  ;  of  ethyl  benzoate  169*2  :  and  of  benzoic  acid  124*6  ;  in  place 
of  136,  93,  150  and  122  the  true  molecular  masses.  In  general 
the  author  regards  his  cryoscopic  or  fusing  point  method  as  pref- 
erable ;  though  in  special  cases  the  present  method  is  evidently 
useful. — Aiin,  Chim,  Phya.^  VI,  xv,  375,  November,  1888. 

G.  F.  B. 

2.  On  a  Method  of  Avoiding  ^^  Bumping  ^^  in  Distiliation.— 
Markownikoff  has  suggested  the  use,  in  place  of  platinum  wire, 
charcoal,  etc.,  introduced  into  solutions  to  prevent  bumping  dar- 
ing ebullition,  a  few  thin  capillary  glass  tubes  3  to  10  mm  in 
length  sealed  at  one  end.  Under  these  circumstances  the  boiling 
goes  on  quietly,  both  at  the  ordinary  and  at  reduced  pressures, 
even  when  a  finely  divided  precipitate  like  barium  sulphate  ex- 
ists in  a  saline  aqueous  solution.  Even  caustic  soda  solution  maj 
be  made  to  boil  quietly  in  this  way.  Branner  recommends  that 
the  tubes  be  made  of  different  sizes  so  as  to  float  in  different 
layers  of  the  liquid.  For  the  distillation  of  concentrated  acids  he 
has  found  this  method  invaluable.— e/".  Ch.  Sac.  JiuMCy  1887,  520: 
J,  Chem.  Soc,  liv.,  1155,  Nov.  1888.  G.  P.  K 

3.  On  Thiophosphoryl  fluoride, — ^Thorpe  and  Rodger  have 
published  a  preliminary  notice  of  a  new  gas,  thiophosphoryl 
fluoride,  PSF,.     It  is  obtained  by  heating  phosphorus  pentasul- 
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hide  with  lead  fluoride,  preferably  in  a  tube  of  lead.  Bismuth 
aoride  may  also  be  used  but  a  higher  temperature  is  required 
or  the  reaction.  The  gas  has  also  been  prepared  by  heating  a  mix- 
are  of  sulphur,  phosfmorus  and  lead  fluoride,  the  last  substance 
«ing  added  in  excess  to  moderate  the  reaction.  It  may  also  be 
>roduced  by  heating  a  mixture  of  arsenic  trifluoride  with  thio- 
»bosphoryl  chloride  in  a  sealed  tube  at  150°.  The  first  method, 
lowever,  is  the  best  since  it  is  the  most  convenient  and  gives  a 
»ore  product.  Thiophosphoryl  fluoride  is  a  colorless  gas,  liquefi- 
kble  in  the  Cailletet  apparatus.  It  spontaneously  ignites  in  con- 
act  with  the  air,  burning,  as  it  issues  from  a  jet,  with  a  pale 
rellow-green  flame  tipped  with  blue.  If  a  considerable  qusintity 
»f  the  gas  be  exposed  to  the  air,  it  produces  a  beautiful  blue 
lash,  followed  by  the  yellow-green  flame.  It  is  sparingly  soluble 
Q  water,  has  no  action  on  mercury,  is  easily  decomposed  by  heat 
\T  by  the  electric  spark,  and,  heated  for  some  time  in  a  glass  tube 
»ver  mercury,  the  volume  alters,  phosphorus  and  sulphur  are 
leposited  on  the  tube  and  the  resulting  gas  is  silicon  tetrafluoride. 
X  18  slightly  soluble  in  ether,  is  insoluble  in  alcohol  and  benzene, 
8  completely  absorbed  by  lead  peroxide  and  forms  a  white  solid 
^th  ammonia.  Heated  sodium  takes  fire  in  it,  burning  with  a 
'ed  flame,  yielding  a  residual  mass  evolving  spontaneously  inflam- 
nable  hydrogen  phosphide  on  treatment  with  water. — J,  (Jhem, 
Soc.,  liii,  766,  Aug.  1888.  G.  P.  b. 

4.  On  the  Relation  between  the  Absorption-spectra  of  Organic 
Compounds  and  their  Chemical  Composition. — Kr^bs  has  ex- 
imioed  the  spectra  of  various  organic  compounds  with  a  view  of 
>btaining  a  relation  between  the  absorption-spectra  of  these  com- 
K>and8  and  their  chemical  composition.  Solutions  of  indigo  and 
kotbracene  derivatives  in  chloroform  or  concentrated  sulphuric 
icid  were  used,  and  also  solutions  of  fluorescein  derivatives  in  al- 
cohol or  water.  The  paper  gives  the  wave-length  of  the  spectrum 
ines  of  maximum  absorption  for  each  of  the  sixty-four  com- 
>ounds  examined.  In  general,  the  author  finds  that  the  substitu- 
jon  of  a  methyl,  ethyl,  methoxyl  or  carboxyl  group,  or  even  of 
>romine,  for  hydrogen,  moves  the  absorption  lines  farther  toward 
he  red ;  the  similar  substitution  of  a  nitro  or  amido  group  pro- 
lucing  a  displacement  toward  the  violet.  In  four  cases  only  were 
exceptions  found  to  this  law  :  dibromamido-indigo  and  bromali- 
Arin  being  the  exceptions  to  the  former,  and  tetranitro-  and  di- 
>romodinitro-fluorescein,  both  in  alcoholic  solution,  to  the  latter ; 
he  displacements  produced  by  these  substances  being  exactly 
opposite  to  that  normally  produced.  In  the  case  of  the  last  two 
iompoands,  indeed,  the  aqueous  solutions  are  normal  in  their  dis- 
placements. To  some  extent  also  the  amount  of  change  which 
he  introduction  of  any  of  the  above  groups  into  a  compound  pro- 
luces  in  its  spectrum,  appears  to  depend  upon  the  nature  of  the 
ompound  itself  If  absorption  lines  be  considered  as  produced 
>y  the  absorption,  by  the  molecules  of  a  compound,  of  those  ether 
^aves  whose  period  is  the  same  as  their  own,  then  the  vibration- 


224  Scientific  Intelligence. 

frequency  of  these  molecules  would  be  represented  by  the  expree- 

sion  ;i  =-^-^  in  which  v  is  the  velocity  of  light  and  A  the  waie- 

length  of  the  absorption  line.  Consequently,  whenever  A,  is  in- 
creased by  the  displacement  of  the  line  toward  the  red,  n  will  de- 
crease and  vice  vhrsa,  JHence  when  a  methyl,  ethyl,  methoiyl 
or  carboxyl  group,  or  bromine,  is  introduced  into  a  molecule  in 
place  of  hydrogen,  its  period  of  vibration  increases,  while  when  an 
amido  or  nitro  group  is  so  introduced,  the  period  diminishes.— 
Zeitschr.  Physikal.  Chem.^  ii,  312-337;  J.  Chem.  Soc.  liv,  1141, 
November,  1888.  G.  F.  b. 

5.  On  the  Absorption- Spectrum  of  Oxygen, — Liveing  and  Dew- 
AK  have  examined  the  absorption  spectrum  of  oxygen  at  high 
pressures.  The  apparatus  consisted  of  a  steel  tube,  1 65  cm.  long, 
fitted  with  gun  metal  ends  carrying  quartz  plates  and  capable  of 
sustaining  a  pressure  of  260  or  more  atmospheres.  At  or  near  its 
middle  point  this  tube  contained  a  quartz  lens  of  46  cm.  focal 
length  ;  so  that,  when  a  source  of  light  was  placed  1 0  cm.  from 
one  end  of  the  tube,  an  image  of  it  was  formed  on  the  slit  of  a 
spectroscope  at  about  the  same  distance  from  the  other  end.  On 
admitting  oxygen  into  the  tube  until  the  pressure  reached  85  at- 
mospheres, and  using  an  arc-light  as  the  source,  the  authors  ob- 
sei^ved  :  (l)  a  very  dark  band  in  the  position  of  A  of  the  sun 
spectrum,  sharply  defined  on  its  more  refrangible  side  and  divided 
by  a  streak  of  light ;  (2)  a  precisely  similar  but  much  weaker 
band  in  the  position  of  the  solar  band  B  ;  (3)  a  dark  band  diffuse 
on  both  edges,  extending  from  X  636o  to  \  6225,  its  maximum  in- 
tensity being  at  A  6305  ;  (4)  a  still  darker  band  a  little  above  D, 
beginning  with  a  diffuse  edge  at  about  \  5810,  rapidly  coming  to 
maximum  intensity  at  about  X  5785,  gradually  fading  out  and 
disappearing  at  A  5675  ;  (5)  a  faint  narrow  band  in  the  green  at 
A  5350  ;  and  (6)  a  strong  band  in  the  blue,  extending  from 
A  4795  to  A  4750,  and  diffuse  on  both  sides.  By  means  of  photo- 
graphs it  was  shown  that  the  oxygen  was  quite  transparent  for 
violet  and  ultra-violet  rays  up  to  A  2745,  then  gradually  diminish- 
ing until  at  A  2664  it  was  wholly  absorbed.  Upon  increasing  the 
pressure  to  140  atmospheres,  all  the  bands  were  strengthened,  but 
only  one  new  one  appeared,  a  faint  one  at  A  4470  in  the  indigo. 
By  using  a  higher  dispersion,  none  of  these  bands  (which  appear 
to  be  identical  with  the  terrestrial  bands  observed  by  Angstrom 
in  the  sun  spectrum)  were  resolvable  into  lines.  Subsequently  a 
steel  tube  18  meters  long  was  employed,  which  at  90  atmospheres 
contained  a  mass  of  oxygen  about  equal  to  that  of  a  vertical  col- 
umn of  the  atmosphere  of  the  same  section  ;  but  the  intensity  of 
the  bands  produced  by  the  compressed  gas  was  far  greater  than 
that  of  the  corresponding  bands  in  the  solar  spectrum  with  a  low 
sun. — PhiL  ^ag,,  V,  xxvi,  286,  September,  1888.  g.  f.  b. 

6.  On  th-e  Spectruyn  of  Oxygen  at  high  altitudes. — Ja:nss£N 
has  observed  the  solar  spectrum  at  the  Grands  Mulcts  station  on 
Ht.  Blanc  at  an  altitude  of  3000  meters  and  has  proved  that  the 
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ines  and  bands  of  terrestrial  origin  whicb  it  contains,  especially 
bose  due  to  oxygen,  are  absent  from  sunlight  before  its  entrance 
nto  our  atmosphere.  Experiments  showed  that  at  this  height  the 
>ands  of  oxygen  in  the  red,  yellow  and  blue  disappeared  com- 
>letely,  the  lines  B  and  a  became  very  much  weakened  and  the 
ine  A  was  scarcely  visible. —  C.  if.,  cvii,  672,  October,  1888. 

6.    F.    B. 

T.  On  the  Compressibility  of  Oxygen^  Nitrogen  and  Hydrogen, 
— Amagat  has  subjected  oxygen,  nitrogen  and  hydrogen  gases  to 
pressures  up  to  3000  atmospheres.  He  finds  that  at  1000  at- 
nospheres  the  compressibility  of  gases  is  no  greater  than  that  of 
iquids  and  increases  similarly  with  the  temperature.  Calling  the 
iensity  of  water  unity,  the  density  of  oxygen  under  a  pressure  of 
JOOO  atmospheres  is  1.1054,  that  of  air  is  0*88 17  that  of  nitrogen 
s  0-8293  and  that  of  hydrogen  is  0-0887.—  C.  jB.,  cvii,  622,  Sep- 
tember, 1888.  G.  F.  R 

8.  On  the  Heat  of  Vaporization  of  Volatile  Liquids, — Since 
rery  little  is  known  of  the  heat  of  vaporization  of  liquids  which 
3oil  at  temperatures  below  0^,  Chappuis  has  undertaken  the 
letermination  of  this  constant  in  the  case  of  methyl  chloride 
soiling  at —23-75°,  of  sulphurous  oxide  boiling  at  —10-08°,  of 
jarbon  dioxide  boiling  at  —78-5%  and  of  cyanogen  boiling  at 
—28-4°.  The  apparatus  consisted  of  a  glass  cylindrical  reservoir 
laving  at  top  a  glass  spiral  or  worm,  united  above  to  a  larger 
:ube  cemented  into  a  steel  cylinder  the  opening  in  which  could 
be  closed  by  a  screw  cone.  A  lateral  tube  permitted  this  cylinder 
to  be  put  in  communication  with  a  steel  reservoir.  The  whole 
weighed  about  100  grams.  This  apparatus  is  exhausted,  the  res- 
ervoir is  attached,  and  the  cylinder  is  two-thirds  filled  with  the 
iquid  to  be  examined.  It  is  then  placed  in  an  ice-calorimeter  of 
Bunsen  and  the  cylinder  and  worm  surrounded  with  mercury. 
[Dn  opening  the  compression  tap,  the  liquid  evaporates  slowly,  the 
leat  of  vaporization  being  taken  from  the  calorimeter.  After  the 
experiment  is  ended  the  apparatus  is  again  weighed.  Knowing 
:he  mass  of  the  liquid  evaporated,  the  volume  of  mercury  issuing 
From  the  calorimeter  and  the  constants  of  this  instrument,  the 
leat  of  vaporization  may  be  calculated.  The  results  obtained 
«rere  as  follows :  For  methyl  chloride  at  0®,  the  heat  of  vaporiz- 
ition  is  96-9  calories;  for  sulphurous  oxide  91-7  calories;  for 
jarboti  dioxide  56-25  calories ;  and  for  cyanogen  103-0  calories.  If 
;he8e  values  are  referred  to  the  gaseous  volume  corresponding  to 
.he  molecular  mass  in  grams,  i.  e.,  22*32  liters,  we  obtain  4*86, 
>-90,  2-48  and  5-36. — Ann,   Chim,  Fhys.y  VI,  xv,  498,  December, 

1888.  G.  F.  B. 

9.  On  the  Comhiiiatioyi  of  Oxygen  and  Nitrogen  in  Gaseous 
Explosions, — It  is  well  known  that  when  hydrogen,  in  presence  of 
litrogen,  is  exploded  with  excess  of  oxygen,  the  nitrogen  is  itself 
:o  a  certain  extent  oxidized.  If  the  eudiometer  contains  a  seven 
)er  cent  solution  of  sodium  hydrate,  the  nitrogen  oxide  produced 
s  absorbed  and  the  liquid  contains  nitrite  and  nitrate.     Yeith 
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has  undertaken  to  determine  the  quantitative  relation  of  this  oxi- 
dation by  exploding  repeatedly  a  mixture  of  hydrogen  and  oxy- 
fen  in  the  same  portion  of  air,  until  the  volume  had  perceptibly 
iminished.  Knowing  this  volume  and  the  composition  of  the 
residual  gas,  he  was  able  to  ascertain  that  one  volume  of  nitrogen 
had  united  with  two  volumes  of  oxygen.  Nitrogen  dioxide,  or 
perhaps  first  nitrogen  monoxide  which  is  more  permanent  at  a 
high  temperature,  is  therefore  formed  under  these  circumstances. 
The  quantity  of  the  former  produced  is  at  constant  pressure, 
directly  proportional  to  the  quantity  of  mixed  gases  burned. 
The  quantity  of  nitrogen  oxidized  increases  with  the  pressure  up 
to  about  300  millimeters ;  and  above  this  appears  to  be  constant 
— Ber,  JBerl,  Chem.  Ges,^  xxi,  696,  November,  1888.        g.  f.  b. 

10.  Dissipation  of  Fog  hy  Electricity, — Sobet  places  a  plati- 
num cup  full  of  water  in  connection  with  one  pole  of  an  electri- 
cal machine.  A  point  above  the  water  is  connected  with  the 
other  pole  of  the  machine.     The  water  is  caused  to  boil  by  means 

*  of  a  Bunsen  burner.  When  the  machine  is  not  excited  steam 
ascends  in  a  regular  manner,  but  when  the  water  is  electrified  the 
clouds  whirl  about  until  the  vapor  disappears.  The  cup  is  illu- 
minated by  an  electric  light  and  the  experiment  is  made  in  a 
dark  room. — Arch,  des  Sciences,  April,  1888.  j.  t. 

11.  Magnetization  of  iron  and  other  magnetic  metals  in  a  very 
strong  field. — The  results  of  recent  experiments  by  Professor  J. 
A.  EwiNG  and  William  Low  show  that  no  considerable  change 
takes  place  in  the  value  of  the  intensity  of  magnetism  in  wrought 
iron  when  the  magnetic  force  is  varied  from  2U(jO  to  20,000  C.  G.  S. 
units.  Throughout  this  range  of  force  the  intensity  of  magnetism 
has  a  sensibly  constant  value  of  about  1700  C.  G.  S.  units  which 
is  to  be  accepted  as  the  saturation  value  for  wrought  iron.  The 
following  are  the  probable  values  of  the  intensity  of  magnetism 
when  saturation  is  reached  in  the  particular  metals  examined  : 

Wrought  iron 1700 

Cast  iron 1280 

Nickel  (with  0*75  per  cent  of  iron) 615 

Nickel  (with  0*56  per  cent  of  iron) 400 

Cobalt  (with  1-66  per  cent  of  iron) 1 300 

Hadfield  manganese  steel,  which  is  noted  for  its  extraordinary 
inpermeability  to  magnetic  induction,  was  found  to  have  a  con- 
stant permeability  of  about  1*4  throughout  the  range  of  force 
applied  to  it,  namely  from  2000  to  nearly  10,000  C.  G.  S. — iVcrfure, 
Dec.  13,  1888,  p.  165.  j.  T. 

12.  Figures  produced  by  electric  action  ofi  photographic  dry 
plates. — Mr.  J.  Brown  illustrates  his  articles  by  interesting  photo- 
graphs obtained  by  passing  an  electrical  discharge  immediately 
over  or  upon  the  surface  of  a  sensitive  dry  plate.  He  believes 
that  the  figures  are  not  due  to  the  brush  discharge,  that  actual 
disrupture  discharge  over  or  in  the  film  is  not  needed  to  produce 
an  enect  visible  on  development,  but  that  figures  are  produced 
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partly  at  least  by  direct  electric  action  od  the  sensitive  film  which 
would  be  usually  understood  as  a  purely  photo-chemical  cause. — 
PhU,  Mag.,  Dec,  1888,  p.  502.  j.  t. 

13.  Spectrum  of  Cyanogen  and  Carbon. — H.  W.  Vogbl  has 
examined  the  spectra  of  the  Bunsen  flame,  the  cyanogen  flame, 
the  electric  light  and  the  various  oxides  of  carbon  with  the  elec- 
tric spark,  and  has  photographed  with  Azalin  plates  the  spectra 
from  the  orange  to  the  ultra  violet.  The  spectra  were  photo- 
graphed over  each  other  in  order  to  measure  coincidences.  After 
a  discussion  of  the  various  bands  and  lin^  observed  in  the  differ- 
ent sources  of  light,  the  author  concludes  that  the  cyanogen 
spectrum  is  identical  with  that  of  carbon.  It  seems  to  him  that 
carbon  can  emit  two  spectra — one  which  gives  the  bands  to  the 
Bunsen  flame  and  another  the  group  of  lines  which  appear  clearly 
in  the  spectrum  of  cyanogen  when  seen  by  the  aid  ot  the  electric 
arc.  The  channelled  bands  of  the  cyanogen  soectrum  in  the  red 
and  yellow  can  be  attributed  to  a  compound.  A  full  and  re- 
markable coincidence  of  an  especially  bright  indigo  colored  band 
with  the  dark  back-ground  of  the  G  band  of  the  solar  spectrum 
appears  in  all  the  spectra.  Vogel  therefore  attributes  the  dark 
back-ground  of  the  G  line  to  carbon  in  the  sun. — Sitzufigsber.  d. 
Berliner  Ak.,  21,  1888.  j.  t. 

14.  Determination  of  the  focal  length  of  a  lens  for  different 
colors. — Hasselbebg  places  the  objective  upon  a  suitable  bar 
somewhat  more  than  four  times  the  focal  length  of  the  lens  and 
obtains,  in  two  positions,  clear  images  of  the  spectral  lines  formed 
by  aid  of  a  collimator  and  suitable  prisms.  If  E  is  the  length  of 
the  bar,  €  the  difference  of  both  positions  of  the  objective,  one 
has  4y^=E— e'/E  in  which  the  thickness  of  the  lens  is  neglected. 
— Bull,  de  VAc.  des  Sc.  de  St.  Pet.,  xxxii,  p.  412,  1888.  j.  t. 

15.  EUctrodynamic  Waves. — At  a  late  meeting  of  the  Physical 
Society  of  Berlin,  Helmholtz  gave  an  account  of  the  recent 
researches  of  Hebtz  on  the  propagation  of  electrical  waves. 
Weak  induction  discharges  between  small  metallic  cylinders  with 
rounded  ends  were  employed,  and  a  similar  apparatus  for  the 
detection  of  the  electrodynamic  waves.  The  action  was  not 
propagated,  more  than  2  or  3  meters  through  space ;  when  it  fell 
on  a  metallic  surface  it  was  reflected,  interference  phenomena 
were  observed  and  from  these  the  length  of  half  a  wave  was 
found  to  be  30  centimeters.  When  a  metallic  parabolic  mirror, 
1  meter  across  its  opening,  was  placed  behind  the  apparatus  used 
to  produce  the  discharge,  the  action  was  propagated  to  a  dis- 
tance of  8  meters ;  and  the  action  was  greatly  increased  when  a 
second  concave  mirror  was  placed  behind  the  receiving  apparatus. 
When  a  conductor  was  interposed  the  action  ceased,  while  non- 
conductors allowed  the  waves  to  pass.  By  interposing  perforated 
metallic  screens,  it  was  found  that  the  waves  are  propagated  in 
straight  lines;  the  waves  passed  through  a  dry  wooden  partition. 
Polarization  of  the  waves  could  be  determined  in  several  ways. 
When  the  receiver  was  placed  at  right  angles  to  the  apparatus 
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producing  the  waves,  no  action  between  them  coald  be  detected, 
the  vertically  produced  waves  not  being  picked  up  by  the  hori- 
zontally placed  receiver.  When  the  two  pieces  of  apparatns  were 
placed  parallel  to  each  other,  and  a  wooden  cable,  with  a  number 
of  insulated  metallic  wire  rings  wrapped  round  it  was  placed  in 
the  path  of  the  electrodynamic  waves,  it  produced  the  same  effect 
as  does  a  tourmaline  plate  on  polarized  light.  When  the  wires 
were  vertical — that  is  to  say,  parallel  to  the  exciting  apparatus— 
the  action  was  not  propagated  through  the  cube ;  but  it  was,  on 
the  other  hand,  when  the  wires  were  horizontal.  When  the  re- 
ceiver with  its  mirror  was  placed  horizontally,  so  that  it  did  not 
record  any  action  on  reaching  it,  and  the  wire  arrangement  de- 
scribed above,  was  placed  in  the  path  of  the  waves,  no  chan&;e 
took  place  in  the  receiver  when  the  wires  on  the  cube  were  either 
vertical  or  horizontal,  but  the  receiver  was  affected  when  the 
wires  were  placed  at  an  angle  of  45°.  The  laws  of  reflection  of 
electrodynamic  waves  at  metallic  surfaces  were  found  to  be  the 
same  as  those  for  the  reflection  of  light  at  plane  mirrors.  The 
refraction  of  pitch  for  electric  waves  was  found  to  be  1*68.— 
Nature^  Jan.  17,  1889.  j.  t. 

10.  Resistance  of  electrolytes, — Professor  J.  J.  Thomson  (Royal 
Society,  Jan.  17,  1889)  has  examined  the  screening  influence  of 
conducting  plates  upon  alternating  currents  of  great  frequency, 
and  has  deduced  thereby  the  resistance  of  electrolytes  and  of 
graphite.  He  shows  that  the  screening  effect  depends  on  the 
conductivity  and  thickness  of  the  plate  and  upon  the  frequency 
of  the  alternations.  The  secondary  induced  currents  are  confined 
to  the  skin  of  the  plate  next  to  the  primary,  the  thickness  of  this 
skin  varying  with  the  conductivity  of  the  plate  and  the  frequency 
of  the  currents.  Thus  a  thin  plate  of  badly  conducting  material 
will  be  efficient  with  currents  of  great  frequency  such  as  those  of 
the  rate  10*8  per  second  while  a  thick  plate  of  the  best  conducting 
material  will  not  be  sufficient  to  screen  off  currents  of  low  fre- 
quency such  as  those  with  a  rate  below  10*2  per  second.  Thus  to 
measure  the  resistance  of  electrolytes  it  is  necessary  to  have  vibrat- 
ing electrical  systems  such  as  those  examined  by  Hertz,  whose 
frequency  is  of  the  former  class ;  and  if  two  different  plates  pro- 
duce the  same  screening  effect,  their  thickness  must  be  propor- 
tional to  their  specific  resistances.  He  supports  Maxwell's  theory 
that  the  rate  of  propagation  of  electrostatic  potential  is  practically 
infinite,  a  point  called  in  question  by  Hertz,  and  he  agrees  with 
Hertz  that  tlie  rate  of  propagation  of  electrodynamic  action  is 
finite  and  measurable.  He  shows  that  the  rate  of  propagation  of 
an  electromagnetic  disturbance  through  a  metallic  conductor  and 
through  the  surrounding  dielectric  is  the  same,  and  this  diflers 
from  one  of  Hertz's  conclusions.  But  he  also  shows  that  this  is 
not  so  when  the  conductor  is  a  dilute  electrolyte  or  a  rarefied  gas. 
In  such  cases  there  would  be  interferences  and  standing  vibrations. 
Hence  the  strite  in  so-called  vacuum  tubes.  He  also  concludes 
that  the  relative  resistance  of  electrolytes  is  the  same  when  the 
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carrent  is  reversed  a  hundred  million  times  a  second  as  for  steady 
currents." — Nature^  Jan.  24,  1889.  j.  t. 

17.  Orthochromatic  Photography, — H.  W.  Vogel  criticises 
Abney's  method  of  sensitizing  a  plate,  which  consists  in  flowing 
the  dry  plate  with  a  colored  collodion,  and  claims  that  it  does  not 
prodace  the  same  effect  as  the  direct  mixture  of  the  coloring  mat- 
ter with  the  gelatine  layer  of  the  dry  plate.  The  collodion  film 
prevents  the  molecular  action  of  the  sensitizing  substance  upon 
the  bromide  of  silver  molecules. — Fhotog,  MittheiLy  xxv,  p.  117- 
119,  1888.  J.  T. 

18.  Voltaic  Balance, — Mr.  G.  Gobe  finds  the  following  appa- 
ratus extremely  sensitive.  An  unamalgamated  zinc  plate  and  a 
platinum  plate  are  immersed  in  a  small  vessel  of  distilled  water 
and  are  connected,  through  a  galvanometer,  with  a  platinum  and 
a  zinc  plate  in  another  vessel  filled  with  distilled  water.  The 
smallest  addition  of  a  foreign  substance  to  one  or  the  other  vessel 
causes  swing  of  the  galvanometer,  and  the  apparatus  can  be  used 
to  detect  extremely  small  traces  of  various  substances. —  Chem. 
NewSy  Iviii,  p.  64,  1888,  j.  T. 

II.    Geology  and  Mineralogy. 

I.  JFossil  Plants  of  the  Coal-measures  of  Rhode  Island  ;  by  Leo 
Lesquebeux.  (Communicated  by  the  author). — The  following  is  a 
list  of  the  coal  plants  of  Rhode  Island,  sent  for  determination  by 
the  Museum  of  Brown  University,  Providence,  R.  I.,  May,  1888, 

1.  Pecopteris  dentata  Brgt.^  I  a  fruitiog  pinna,  Pawtucket. 

2.  Sphenpoteris  (Hymenophyllites)  furcata  Brgt,  Valley  Falls. 

3.  Spbenophyllum  oblongiiorium  Germ.^  Pawtucket. 

4.  Dictyopteris  Scheuchzeri  Hoffni.  f  obscure ;  nervation  obsolete,  Pawtucket. 

5.  Odontopteris  Stiehlerian  Goapp.,  fragment,  Pawtucket. 

6.  Odontopteris  Reichianik  Goepp.,  separate  pinnule,  Pawtucket. 

7.  Odontopteris  Reicbianaf  var.  latifolia  L».,  Pawtucket. 

8.  Odontopteris  Neuropteroides  Roem ,  Pawtucket. 

9.  Neuropteris  decipiens  Zcc.,  Valley  Falls. 

10.  Goniopteris  (Pecopteris)  unita  Brgt.,  Valley  Falls. 

I I .  Pecopteris  lepidorachis  Brgt.^  Valley  Falls. 

12.  Asterophyllites  equisetiformis  Br(7^.,  Pawtucket 

13.  Pecopteris  Miltoni  Brgt.^  Pawtucket. 

14.  Schizopteris  (Rbacophyllum)  trichomanoides  Goepp.,  Pawtucket. 

15.  Oligocarpia  Gutbieri  Goepp.,  Pawtucket. 

16.  Spbenopteris  lanceolata  Guib.,  Pawtucket. 

17.  Odontopteris  Bairdii  Br^/.,  Pawtucket. 

18.  Pecopteris  hemiteloides  Brgt.,t  fruiting  pinna,  obscure,  Pawtucket. 

19.  Pecopteris  Miltoni  Brgt,  Pawtucket. 

20.  Pecopteris  abbreviata  BrgU,  fruiting  fragment,  Pawtucket. 

21.  Pecopteris  arboresoens  Brgt.^  fruiting  fragments,  Pawtucket. 

22.  Pseadopecopteris  dimorpha  Lx.,  fragment  of  a  pinna,  Bristol. 
22a  Pseudopecopteris  dimorpha  Lx.^  obsolete  form,  Bristol. 

23.  Odontopteris  cornuta  Zkz:.,  Pawtucket 

24.  Parallel  narrow  rachises  of  pinnte  of  No.    7,   mostly  deprived  of  leaves, 
Pawtacket 

25.  Neuroptens  dentata  La.    See  remarks  below,  Pawtucket; 

26.  Odontopteris  obtusiloba  7  Baum. 
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Remarks, — The  remains  of  plants  determined  above  are  gen- 
erally in  small  fragments  more  or  less  deformed,  like  most  of  the 
fossil  plants  of  the  Coal-measures  of  Rhode  Island,  and  therefore 
their  characters  are  not  always  satisfactorily  recognized.  In  this 
lot,  they  represent  mostly  epecies  of  the  Upper  Coal-measures,  some 
of  which  have  been  recognized  in  the  Lower  Permian  formations 
of  Europe.  Of  this  kind  are  Nos.  6  and  7,  Odontopteris  StUh- 
leriana  Goepp.,  A,  Reichiana  Goepp.,  Odontopteris  obtusikha 
Baum,  etc.  This  last  species  has  not  been  recognized  before  in 
the  Coal-measures  of  North  America,  but  has  been  described  bj 
Gutbier  only  from  specimens  of  the  Lower  Permian,  and  Geinitz 
from  the  Dyas. 

No.  25.  Neuropteris  dentata  Lesqx.,  is  a  very  rare  species,  first 
described  in  Rogers's  Geol.  of  Pennsylvania,  1858,  p.  859,  pi.  v, 
figs.  9  and  10,  from  four  separate  pinnules  obtained  in  the  Anthra- 
cite Coal-measures  (the  Salem  vein  of  Port  Carbon),  Pennsylvania 
the  highest  coal  of  the  measures.  The  specimen  from  Paw- 
tucket,  R.  I.,  is  more  complete,  representing  the  upper  part  of 
a  pinna  with  two  pairs  of  large  opposite  lanceolate  pinnnles, 
irregularly  sharply  dentate  on  the  border,  very  oblique,  decurring 
to  a  narrow  rachis,  with  close  fiabbellate  veins  derived  from  t 
narrow  indistinct  midrib  and  very  thin  though  deeply  maii^ed. 
The  nervation  like  the  border  teeth  of  the  pinnules,  is  of  the 
same  character  as  represented  upon  the  figures  in  the  Geology  of 
Pennsylvania,  the  leaflets  merely  differing  by  the  narrowed,  cor- 
date (not  decurrent)  base. 

June  25,  1888. 

2.  History  of  Volcanic  Action  during  the  Tertiary  Period 
in  the  British  Isles;  by  Archibald  Geikib,  LL.D.,  F.RS., 
Director  General  of  the  Geological  Survey  of  the  United  King- 
dom. 184  pp.  4 to,  with  maps  and  cuts.  Trans.  R.  Soc,  Edin- 
burgh, vol.  XXXV,  Part  2. — The  contrast  between  the  eastern 
and  western  borders  of  the  Atlantic  in  amount  of  volcanic  action 
has  great  geological  significance,  and  hence  full  and  detailed 
descriptions  of  the  facts  from  the  eastern  side,  like  those  here 
presented  by  Dr.  Geikie,  have  an  importance  far  beyond  that 
of  their  local  or  volcanic  interest.  The  facts  witb  re^rd  to 
the  great  basaltic  areas,  those  of  Antrim  of  northern  Ireland 
and  those  of  the  islands  of  Mull  and  Skye  and  iatermediate 
islands  off"  the  coast  of  Scotland,  are  described  in  detail  and 
mapped ;  and  besides  these,  the  many  dikes,  or  subordinate  lines 
of  eruption,  over  Scotland,  Ireland  and  northern  England,  far 
away  from  the  main  centres,  which  make  the  area  of  fractures 
and  ejections  in  the  Tertiary,  according  to  the  author,  over  40,000 
square  miles  in  extent.  The  region  of  outside  dikes,  referred  to, 
includes  the  southern  half  of  Scotland,  which  is  intersected  bv 
many  east  and  west  as  well  as  northwest  dikes  ;  and  the  northern 
part  of  Ireland  and  England  where  the  courses  are  mostly  north- 
westward. The  eruptions  may  have  begun,  Dr.  Geikie  states,  in 
the  Eocene  ;  they  continued  through  the  Miocene  period  probably 
to  its  close,  and  perhaps  into  the  Pliocene. 
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After  full  descriptions  of  tbc  great  fields  of  basalt  and  the  sur- 
face and  intruded  outflows,  and  an  account  of  the  rocks — which, 
although  mainly  basic,  include  trachytic,  and  related  kinds  and 
even  granite, — l)r.  Geikie  discusses  the  origin  and  history  of  the 
disturbances.  In  the  closing  summary  he  observes  that,  while 
denudation  may  have  made  extensive  removals  of  the  lavas, 
there  is  still,  in  the  basalt-plateau  of  Antrim  and  the  region  of 
the  Inner  Hebrides  to  the  northward,  an  accumulation  of  lava 
streams  in  some  places  to  a  thickness  of  3000  feet ;  and  that  the 
outflows  continued  until  they  had  filled  the  hollows  of  the  great 
valley  stretching  northward  from  southern  Antrim.  The  region 
was  then  mostly  above  watei^level,  as  is  shown  by  the  leaves, 
stems,  fruits  and  remains  of  insects  found  between  the  streams. 
The  ejections  were  mainly  of  lava,  fragmental  materials  being  of 
small  amount.  The  streams  appear  to  have  flowed  ofl*  almost 
horizontally,  not  in  Dr.  Geikie's  opinion  from  any  one  center, 
but  rather  from  many.  Reviewing  the  history  he  remarks  that 
basic  outflows,  raising  the  surface  some  thousands  of  feet,  were 
followed  by  other  lavas  which  solidified  as  coarsely  crystalline 
doleryte,  gabbro,  troctolyle  and  picryte.  Later,  probably  afler  vol- 
canic action  had  mainly  ceased,  a  renewal  of  activity  brought  up 
trachytic  and  felsitic  rocks,  recalling  in  some  respects  the 
trachvtic  puys  of  Auvergne,  and  granophyres  and  granitic  vein- 
like <{ikes  were  made  in  the  felsitic  masses  or  spread  out  in  sheets 
between  the  beds  below.  Still  later,  basic  lavas  anew  outflowed 
over  the  surface.  Further,  the  dikes  of  pitchstone  at  Antrim  and 
the  region  north  are  probably  of  yet  later  origin;  for  "these 
vitreous  protrusions  traverse  every  other  of  the  volcanic  series 
and  do  not  appear  to  be  cat  by  any '' ;  and  at  one  locality  the 
Scuir  of  Eigg,  the  streams  of  pitchstone  flowed  out  over  the 
basaltic  plateau,  after  it  had  been  cut  through  by  valleys,  making 
*'  an  impressive  memorial "  of  the  Tertiary  topography  of  the 
place. 

The  greatness  of  the  volcanic  results  in  Tertiary  Britain,  and 
not  less  in  many  parts  of  Europe,  give  emphasis  to  the  fact, 
alluded  to  above,  that  the  western  border  of  the  Atlantic  in  the 
same  era  from  the  far  north  to  the  West  India  seas,  afford  no  evi- 
dence of  volcanic  fires.  j.  d.  d. 

3.  Qeologiccd  and  Natural  History  Survey  of  Minnesota, — 
Volume  II  of  the  final  Report  on  the  Survey  of  Minnesota,  by 
N.  H.  WiNCHELL,  assisted  by  Warren  Upham,  has  recently  ap- 
peared— a  large  quarto  volume  of  695  pages,  with  forty-two 
plates.  The  volume  contains  reports  on  the  geology  of  thirty 
nine  counties  by  one  or  the  other  of  the  authors  above  men- 
tioned. Both  have  made  a  careful  study  of  the  regions.  Mr. 
Upham's  attention,  as  notices  of  the  annual  reports  in  former 
volumes  of  this  Journal  have  shown,  has  been  especially  directed 
to  the  drift — a  very  prominent  feature  over  the  great  State,  hav- 
ing special  interest  from  the  relations  of  the  State  in  position  and 

Am.  Joub.  8cl— Thied  Series,  Vol.  XXXWU  No.  219.— March,  1889. 
15 


232  Scientific  InteUigen-ce. 

geological  history  to  the  Winnipeg  region,  and  the  various  for- 
tunes of  the  Mississippi,  Minnesota  and  Red  rivers ;  and  through 
his  descriptions  Mr.  iJpham  shows  that  he  has  well  mastered  his 
subject.  His  reports  also  cover  the  stratigraphical  geology  of 
many  of  the  counties. 

The  reports  by  Prof.  Winchell  bear  especially  on  the  Lower 
Paleozoic  and  Upper  Mesozoic  formations ;  but  also  on  the  drift, 
the  drainage,  the  topography  and  the  economical  resources  of 
the  State.  A  highly  interesting  part  relates  to  the  history  of  the 
Falls  of  St.  Anthony,  in  Hennepin  Co.,  which  is  illustrated  bv  a 
number  of  beautiful  views  and  copies  of  former  pictures,  tie 
geology  of  each  county  is  also  presented  on  a  finely  colored  geo- 
logical map,  adding  much  to  the  value  of  the  volume.  The  State 
is  to  be  congratulated  on  the  successful  results  of  the  survey,  and 
the  high  character  of  the  Reports. 

4.  Geological  Survey  of  Kentncky^  John  R.  Procteb,  Direc- 
tor.— In  the  survey  of  Kentucky  under  Mr.  Procter,  several 
County  Reports  have  been  recently  issued  :  on  Mason,  Bath, 
Fleming,  Henry,  Shelby  and  Oldham  Cos.,  in  1885  to  1887  by 
W.  M.  Linney;  on  Elliott  Co.,  by  Prof.  A.  R.  Crandall,  in  1887, 
with  notes  on  the  Trap  dikes  by  A.  R.  Craudall   and  J.  S.  Diller 

J  see  Mr.  Diller's  paper  in  this  Journ.,  xxxii,  121,  1886);  on  the 
ackson  Purchase  Region,  or  the  seven  counties  lying  between 
the  Tennessee  River  and  the  Mississippi,  by  R.  BL  Loughridge, 
357  pp.  8vo,  1888;  and  a  Chemical  Report,  by  Dr.  Robert  Peter, 
contaming  very  many  analyses  of  the  coals,  soils,  clays,  petro- 
leum, mineral  waters,  etc.,  171  pp.  8vo,  1888.  Besides  colored 
geological  maps  of  some  of  the  counties  in  the  Reports,  a  small 
but  handsome  State  geological  map/was  issued  in  1887,  by  J.  B. 
Hoeing,  who  is  at  the  head  of  the  Topographical  Survey.  The 
Reports  treat  of  the  l^aleozoic  rocks,  and  chiefly  of  the  coal  for- 
mation of  Kentucky ;  but  also  of  the  soils  and  other  points  of 
economical  importance.  Mr.  Procter's  Report  of  Progress  of  1887, 
states  that  in  addition  to  the  coal  beneath  the  Conglomerate,  at 
the  base  of  the  Coal-measures,  there  are  above  it,  north  of  Pine 
Mt,  1650  feet  of  Coal-measures,  containing  nine  beds  of  work- 
able thickness,  and  between  the  Pine  and  Cumberland  Mts.  a  still 
greater  thickness  with  twelve  or  more  beds.  Mr.  Loughridge's 
Report  presents  evidence  from  the  results  of  boring  a  well  at 
Paducah  in  western  Kentucky,  on  the  Ohio,  of  a  fault  of  1350  feet. 
On  the  Illinois  side,  the  St.  Louis  limestone  of  the  Subcarbonifer- 
ous  is  at  the  surface,  overlying  the  Keokuk,  while  on  the  Ken- 
tucky side  the  Keokuk,  as  the  boring  shows,  is  about  1350  feet 
below  the  sui-face,  and  the  overlying  rock  is  the  Chester  lime- 
stone, or  upper  division  of  the  Subcarboniferous.  The  fault 
probably  extends  for  some  distance  southeastward  along  the  east 
side  of  the  Tennessee  River  near  the  junction  of  the  Cretaceoos 
beds  of  Mississippi  valley  and  the  Subcarboniferous. 

5.  Geology  of  New  Jersey.  Fined  Report  of  the  State 
Geologist^  Prof.  Gkobge  H.  Cook.    Vol.  I,  440  pp.  8vo,  with  a 
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)Ographical  map  of  the  State.     Trenton,  N.  J.    1888. — 
y  IS  toe  first  State  in  the  Union  that  can  boast  of  a 
topographical  survey.     The  admirable  atlas  of  seven- 
published  the  past  year — the  result  of  the  Geodetic 
rrof.  E.  A.  Bowser  of  the  U.  S.  Coast  and  Geodetic 
d  of  the  topographical  work  of  Mr.  C.  C.  Vermeule 
listants — has  prepared  the  way  for  the  final  report  of 
geologist,  and  the  volume  now  issued  is  the  first  of  the 
lis  volume  is  occupied  with  a  physical,  geographical 
raphical  report  of  the  State,  and  also  a  report  on  the 
lurvey,  both  of  them  by  Mr.  Vermeule,  and  also  by 
.  of  the  climate  by  Prof.  Smock.     The  magnetic  re- 
ompanied  by  a  map  of  isogenic  lines ;  and  the  volume 
colored  topographical  map  of  the  State  of  New  Jer- 
d  in  nine  colors  to  indicate  altitudes,  and  by  a  detailed 
3al  map. 

Iham  Artesian  WeU,  on  Long  Island^  two  miles  ecut 
eio  York,  on  the  line  of  the  Long  Island  Railroad ;  com- 
by  E.  Lewis,  Jr.,  of  Brooklyn,  N.  Y. — ^The  facts  af- 
this  well  have  great  interest  because  they  give  the  thiok- 
3  surface  gravels,  213  feet,  and  of  the  earlier  sand  and 
he  depth  of  the  gneiss  beneath  the  surface.  The  locality 
above  high  tide.  The  distance  to  the  outcrops  of  gneiss 
rth  shore  of  the  island  is  3^  miles,  showing  a  steep 
thward  of  the  floor  of  gneiss.  The  only  fossils  found 
pieces  of  lignite  at  387  feet.  No  trace  of  greensand 
i  through.  The  section  here  given  is  condensed  from 
a  presented  to  the  Long  Island  Historical  Society,  on 
February  last,  by  Francis  H.  Luce. 

Feet 
ace  deposits,  sand  and  gravels,  yellowish  brown  or  rusty,  in 

thick  beds,  to  a  depth  of 213 

iy  clays,  clays,  varying  in  color  and  fineness,  in  beds,  145 

ft.,  to  depth  of 358 

;k8and,  fine,  gray,  Lignite  in  middle  of  beds 417 

in  of  sandy  clay,  1 6  ft.,  blue  clay,  3  ft 436 

jksand,  very  fine,  7  ft.,  coarse,  clayey  sand,  13  ft 456 

•se,  angular,  nearly  white  quartz,  sand  and  pebbles,  4  ft.  . .  460 

iyclay,  10ft 470 

•se,  silicious  sand  and  pebbles,  very  light  color,  vei'y  Utile 

water-wwn,  50  ft 520 

ey  sand,  3  ft 523 

y  fine,  tough,  light  colored  clay,  22  ft 545 

•se,  clayey  sand,  on  the  bed  rock,  1 1  ft. 556 

rock  of  gneiss,  penetrated  21  ft 577 

Ider- Glaciation. — In  a  paper  read  before  theTyneside 
b  in  1884,  Mr.  Hugh  Miller  draws  attention  to  the 
of  stones  and  bowlders  within  the  mass  of  the  bowlder 
Licing  what  he  calls  pavement  bowlders.  He  observes 
32,  Hugh  Miller,  his  father,  brought  into  notice  certain 
like  pavements  of  bowlders  near  Portobello.  The  agent 
o  by  the  father  was  icebergs.  This  recent  paper  states 
3ts  from  near  Edinburgh   and  elsewhere.     The  views 
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given  of  the  "  bowlder-pavements  "  at  Fillyside,  which,  have  be- 
come exposed  to  view  through  seashore  action,  represent  the 
bowlders  as  lying  close  together  in  the  bowlder-clay,  and  having 
their  upper  surfaces  planed  off  fiat  and  striated  m  a  common 
direction.  *^  The  smaller  stones  that  are  fitted  in  among  the  others 
have  escaped  striation  altogether ;  others  rising  a  little  higher 
have  been  brushed  atop ;  while  others,  again,  have  been  planed 
off  as  flat  and  square-edged  as  a  laundry-maid's  iron.''  The 
author  mentions  the  common  occurrence  of  small  stones  with  stris 
that  were  evidently  derived  from  fluxion  movement  in  the  body 
of  the  moving  bowlder-clay,  and  of  fluxion  structure  indicated 
by  the  arrangement  of  the  stones.  The  author  is  led  to  condade 
that  in  many  cases  at  least  the  bowlder-clay  is  bailt  up  slowly 
and  under  pressure,  and  that  this  pressure  was  that  of  a  slow- 
moving,  heavily-dragging,  wide-spreading  mass.  "  To  the  theory, 
if  it  must  still  be  termed  a  mere  theory,  of  confluent  glaciers  one 
turns  as  to  a  really  competent  agent.  For  the  flnxion-stmcture 
it  accounts  at  once.  It  needs  only  to  be  assumed  that  the  drag- 
ging ice  communicated  something  of  its  own  motion  and  stractnre 
to  the  clay  over  which  it  passed."  "  The  fluxion-stracture  is  the 
result  of  movement ;  the  pavement-bowlders  are  those  elements 
in  the  materials  that,  making  of  themselves  inclined  slides,  coald 
best  resist  the  movement  and  were  striated  atop  in  resisting." 

8.  Archmocyathns  of  BiUinga, — This  Cambrian  genus  hitherto 
regarded  as  including  only  fossil  sponges,  has  been  shown  by  Dr. 
G.  J.  HiNDE  to  comprise  mainly  fossil  corals.  He  makes  Arehao- 
cyathus  Minganensia  a  true  lithistid  sponge,  and  names  the  genus 
Arcficeoscyphia.  Archa?ocyathu8  profundus^  Billings's  type  of  the 
old  genus,  is  retained  still  as  such,  but  of  the  family  of  corak^ 
Archaeocyatbinae.  A.  Atlantic!^  is  made  the  type  of  a  new 
genus,  SpirocyathuH.  The  family  includes  the  genera  Archmo- 
cyathua  of  Billings,  Ethmopyyllum  of  Meek,  Coscinocyathus^ 
Anthromorpha  and  Protopharetea  of  Bomholm,  together  with 
Spirocyathus.  Mr.  llinde  states  also  that  CakUhium  and 
7Hchospo7igia  of  Billings  are,  like  Archmoscyphiaj  undoubted 
siliceous  sponges. — Proc,  Geol,  Soc.  London^  Dec.  19,  1888. 

9.  Analyses  of  waters  of  the  Yellowstone  National  Park,  by 
F.  A.  GoocH  and  J.  E.  Wiiitfikld.    (Bull.  U.  S.  Geol.  Surv.,  No. 
47.) — These  careful  analyses  of  the  geyser  waters, — 43  samples  in 
all — have  great  interest  because  of  the  evidence  they  appear  to 
aflbrd  that  the  silica  present  in  the  silicious  waters  is  mostly  if 
not  wholly  in  the  state  of  dissolved  silica  and  not  that  of  an 
alkaline  silicate.     In  the  waters  of  the  Old  Faithful  Geyser,  the 
silica  constituted  26 '54  parts  of  the  total  material  in  solution;  in 
the  Giantess,  27*62  p.  c. ;  the  Beehive,  25*12  p.  c. ;  the  Grotto,  18'15 
p.  c.     Of  the  other  ingredients  the  analyses  give  1'48  p.  a,  1*75 
and  less  of  boric  acid  in   100  parts  of  the  total  solid  material; 
16-89,  26-67,  27*06,  35-39,  37*00,  39*22,  etc.  of  chlorine;  and  mostly 
15  to  28  p.  c.  of  sodium.      The  memoir  deserves  careful  study 
by  the  geologist. 
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y).  Elemente  der  Paldontologie  bearbeitet  von  Dr.  Gustav 
TKiNMAKNy  Ord.  Prof.  Geol.  Min.  Univ.  Freiburg,  i.  Br.,  unter 
litwirkung  von  Dr.  L.  Dodbblbin,  Dir.  nat-hist.  Mas.  Strass- 
urg.  1  Halfte  (Bogen  1-21).  Evertelyrata^  Protozoa^  Gastro- 
0€kL  336  pp.  8vo,  with  386  woodcuts.  Leipzig,  1888.  (Wil- 
elm  Engelmann). — This  general  treatise  on  Zoological  and 
U>tanical  Paleontology  describes  the  groups  and  genera  and  illus- 
rates  them  with  many  figures  representing  species  and  details 
f  structure.  It  also  gives  tables  showing  the  geological  distri- 
bution of  groups.  The  figures  are  well  chosen,  and  beautifully 
Depraved.  The  work  will  be  found  of  great  value  by  students 
D  Geology  and  Paleontology.  The  second  half,  treating  of  the 
nvertebrates,  the  Vertebrates  and  Plants,  is  promised  in  the 
oarse  of  the  current  year. 

11.  Die  St&mme  der  Thierreichs  von  Dr.  Neumayb,  Wir- 
»ello8e  Thiere.  Erster  Band.,  603  pp.  with  192  text-figures. 
iTienna  and  Prague,  1889.  (F.  Tempsky). — Dr.  Neumayr  treats, 
n  his  valuable  work,  of  the  successional  relations  of  species  in 
be  animal  kingdom,  in  illustration  of  the  subject  of  evolution. 
3e  describes  the  various  groups  in  zoological  oVder,  illustrates 
heir  structure  and  forms  by  figures,  and  dwells  at  length  on  all 
he  zoological  and  geological  facts  that  have  a  bearing  on  the 
[uestion  of  derivation.  This  first  volume  of  600  pages  carries 
he  work  to  the  close  of  the  Molluscoids  (Brachiopods). 

12.  JFhssil  Cockroaches. — S.  H.  Scuddbr  has  described  seven 
lew  species  of  Etohlattinay  from  the  Barren  Coal-measures  of 
Richmond,  Ohio. — Proc.  B,  S.  N.  JK,  vol.  xxiv,  45,  Nov.,  1 888. 

13.  Visual  area  in  the  TVilohitey  Phacops  rana ;  by  J.  M. 
JTlabkb. — This  excellent  paper  is  the  result  of  a  thorough  study, 
IS  far  as  matenal  allowed,  of  the  composition  and  structure  of  the 
liferent  parts  of  the  eyes  in  this  trilobite,  and  the  relation  as 
■egards  the  eye  between  the  Phacopidse  and  other  trilobites. — 
Toitm.  Morphol,^  ii,  Nov.,  1888,  Boston. 

14.  Mineralogical  Notes ;  by  E.  F.  Ayres  (communicated). 
Thenardite, — Some  specimens  of  thenardite  recently  obtained 
from  Borax  Lake,  San  Bernardino  Co.,  California,  exhibit  a 
nethod  of  twinning  that  has  apparently  not  been  described. 
Fhe  crystals  average  about  an  inch  in  length  and  are  tabular  or 
ihort  prismatic  in  habit.  Thev  show  the  unit  prism,  m{\  10),  basal 
>lane  o(OOl),  the  unit  pyramid  oHll),  and  a  low  macrodome, 
probably  ^(106)  and  probably  the  pmacoid  a(lOO) ;  the  oscillations 
>f  the  form  t  give  rise  to  a  flat  striated  surface  often  replac- 
ng  c.  The  crystals  are  rough  and  allow  only  of  approximate 
neasurements  with  a  contact  goniometer  ;  these  are  given  here 
with  the  angles  calculated  from  the  axial  ratio  of  Barwald.* 
rhe  position  taken  is  that  which  makes  the  prism  of  nearly  60° 
rertical. 

*  Groth's  Zeitschr.,  vi,  36. 
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The  crystals  are  for  the  most  part  clustered  in  open  loosely  co- 
herent groups.  They  are  many  of  them  cmciform  twins,  cross- 
ing at  angles  of  102"'  and  TS'',  which  gives  as  the  twinning  plane 


MesAored. 
110^  TlO  =  120'-12r 
110^  111  =    21'-  40' 
106^106=    40'  32 


Calculated. 

118'  17' 

22'  17' 

38°  31' 


*-.  ff- 


1 


m 
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the  unit  brachydome  (Oil,  l-l)  for  which  we  have  001/^011  = 
51°  24'.  The  twins  previously  described  have  (101,  1-i)  as  the 
twinning  plane.  The  habit  of  the  crystals  is  shown  in  the  ac- 
companying figures. 

PyrUe, — A  group  of  crystals  from  Colorado  has  yielded  an  un- 
usual combination  of  forms  as  represented  in  part  in  the  accom- 
panying figure.    The  planes  here  present 
are  : 

a(100,  f-i),  (/(no,  I),  «(210,  t-2), 
r(120,  -«-2),  0(111,  1),  n(211,  2-2), 
m(311,  3-3),  />(221,  2),  *r321,  |),  K?(851, 
8-|).  The  occurrence  of  ooth  +  ^^^  " 
pyritohedrons  e  and  T,  is  unusual ;  the 
measured  angles  on  the  cubic  plane  are 
26°  36'  and  53°  35'.  Other  edges  of 
the  same  crystal  gave  a  series  of  reflec- 
tions corresponding  to  the  following 
pyritohedrons,  viz*    210,  430,  540,  450,  340,  230,   120. 

15.  Barite  froia  Aspeji,  Colorado;  by  J.  F.  Kbmp  (oomma- 
nicated). — While  on  a  recent  visit  to  Aspen,  Colorado,  the  writer 
obtained  from  the  Smuggler  mines  several  specimens  of  beauti- 
fully crystallized  wine-yellow  barite,  which  closely  resemble  the 
variety  described  by  Beckenkamp*  from  the  phonolite  of  the 
Kaiserstulil.  The  ordinary  gangue  mineral  of  the  Aspen  lead- 
silver  mines  is  common  white  barite  in  foliated  masses.  The 
Smuggler  mine  alone  seems  to  afford  crystals.  The  ore  body  lies 
in  blue  Carboniferous  limestone  and  in  this  particular  mine  shows 
considerable  zinc.  Cavities  in  the  decomposed  ore  are  found 
lined  with  the  barite  crystals.  The  largest  in  my  possession  are 
about  one-quarter  of  an  inch  on  a  side,  but  others  have  been 
found  larger.  They  are  tabular  in  form  showing  most  prominently 
OP  and  00  P.  Together  with  these  are  seen  P,  ^P^ ,  P^  ,  ooPx, 
^^00  )  '^r*o6  ^^^  ^  macro-pyramid  whose  faces,  though  distinct, are 
somewhat  curved  and  give  measurements  which  vary  several  de- 
grees.  //iAt/sOP=l()7°  — 112°;  ///P;?/s4P£  =153° 50' to  156° 40'. 

*  Oroth'B  Zeitacbrift,  xiii,  24,  386. 
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This  face  is  seen  only  on  one  side  of  \V^ .  The  angles  of  the 
dome  and  unit  pyramid  agree  within  one  or  two  minutes  with 
thoBe  tabulated  in  Dana's  System. 

Like  the  Kaiserstuhl  variety  the  crystals  are  strongly  pleo- 
chroic ;  almost  colorless  parallel  with  the  ^axis,  deep  yellow  par- 
allel with  the  a-axis,  less  intense  yellow  parallel  with  the  c-axis. 
The  crystals  are  abundantly  filled  with  inclusions  of  irregular 
form  arranged  zonally  parallel  with  the  prism  faces,  making  an 
analysis  impracticable.  They  are  doubtless  mere  dirt  or  debris 
brought  in  by  the  original  barium-bearing  solution. 

16.  On  the  serpentine  of  Montville^  N.  J.  ;  by  George  P. 
Merrill. — A  paper  recently  published  in  the  Proceedings  of  the 
U.  S.  National  Museum  (pp.  105-111,  1888)  gives  an  interesting 
description  of  the  New  Jersey  serpentine,  tracing  its  alteration 
from  the  original  diopside  which  is  observed  in  many  cases  as 
a  nod  alar  nucleus.  The  following  analyses  give  for  one  case,  the 
composition  of  the  pyroxene  and  the  resulting  serpentine. 

SiOa      MgO     CaO    AlaO,  PeaO,   FeO    Ign. 

Pyroxene 51-45     18-43     24*02     294     106     096     108  =   9994 

Serpentine 40*23     39*46     218     4*02      ir,    1424  =  10013 

17.  Slipping  planes  and  lamellar  twinning  in  Gale7ia  ;  h^  W. 
Cross. — ^It  is  shown  that  the  cleavage  masses  of  galena  from 
Bellevue,  Idaho,  are  remarkable  for  the  exhibition  of  lamellar 
twinning  due  to  pressure.  Two  kinds  of  structure  are  described ; 
in  one,  bands  are  seen  on  a  cleavage  surface  that  are  parallel  to  a 
dcdecahedral  plane ;  in  another,  the  laminae  are  parallel  to  dif- 
ferent planes  out  all  conform  to  a  common  law,  the  twinning- 
plane  being  the  octahedron  3. — Proc.  Colorado  Sci,  Soc,  vol.  ii, 
part  3. 

18.  Some  New  York  Minerals  and  their  localities  ;  by  Frank 
L.  Nason. — An  account  is  given  of  fine  crystals  of  brown  tour- 
maline from  Newcomb,  Essex  Co. ;  pyroxene  and  associated  min- 
erals from  Ticonderoga,  and  calcites  from  Rossie,  the  last  collected 
by  Professor  Emmons. — Btdl,  Nl  Y,  State  Museum^  No.  4. 

III.    Botany  and  Zoology. 

1.  Certain  relations  of  the  cell  wall, — Dr.  Kohl  (Bot.  Centralbl. 
xxxvii,  1)  demonstrates  that  the  growth  in  thickness  of  the  hairs 
of  many  plants  is  not  strictly  by  intussception  nor  by  apposition, 
bat  by  periodic  depositions  of  layers  of  cellulose ;  and  he  notes 
the  fact  that,  between  these  successive  layers,  there  is  generally 
a  trace  of  protoplasmic  matter  not  easily  detected  by  the  use  of 
Hillon^s  reagent.  Krabbe  has  already  shown  that  the  growth  of 
bast-fibres  is  substantially  of  the  same  character.  g.  l.  g. 

2.  77i£  chemical  7iature  of  assimilation, — Th.  Bokoeny  (Er- 
biDgen,  1888)  has  conducted  some  interesting  experiments  de- 
siffned  to  test  the  truth  of  the  hypotliesis  of  Baeyer,  namely,  that 
when  sunlight  acts  on  chlorophyll  which  is  surrounded  by  car- 
bon-dioxide the  gas  undergoes  dissociation  as  if  it  were  exposed  to 
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a  high  temperature,  and  oxygen  is  eliminated.  Farther,  from  ibis 
dissociation,  carbon  monoxide  results,  and  is  united  to  the  chloro- 
phyll, where  it  at  once  takes  up  a  molecule  of  water,  formmp 
formic  aldehyd.  In  the  presence  of  the  free  alkalies  of  the  assimi- 
lating cells,  this  primary  product  can  pass  at  once  into  the  form 
of  sugar.  Bokoruy  has  contrived  to  exclude  carbonic  acid  from 
the  assimilating  cells  of  Spirogyra^  providing  in  place  of  this  gas 
formic  aldehyde,  methylaldehyde,  methyl-alcohol,  and,  as  others 
had  done  before  him,  glycerin.  He  found  that  formic  aldehyde 
killed  the  protoplasm,  but  he  does  not  regard  this  as  vitiating  the 
hypothesis  of  Baeyer,  since  it  is  possible  that  this  substance  is  in 
normal  assimilation  converted  at  once  into  a  carbohydrate. 
With  the  other  substances  employed  he  was  moderately  success- 
ful, and  states  that  from  them,  even  with  complete  exclusion  of 
carbonic  acid,  the  green  cells  of  a  plant  can  proauce  starch. 

G.  L.  G. 

3.  Improvenient  in  the  "  races  "  of  the  Sugar  JBeet, — C.  Viol- 
LETTE  and  F.  Despbez  (Comptes  rendus,  7  Jan.,  1889)  have  car- 
ried on  a  very  interesting  series  of  experiments  in  regard  to  the 
Sugar  Beet  which  may  be  interpreted  as  indicating  that  still 
greater  improvement  in  this  useful  plant  may  be  reasonably 
looked  for.  They  state  that  the  manufacturers  of  sugar  have 
endeavored  to  use  the  earlier  varieties  although  the  content  of 
sugar  is  so  much  smaller,  because  in  this  way  they  have  been  able 
to  cover  a  longer  time  in  the  manufacture,  taking  the  poor  early 
varieties  first,  employing  some  of  wretched  quality.  Bat  the 
legislation  of  1884  compelled  the  manufacturers  to  use  better 
varieties,  and  the  only  ones  at  their  command  were  late,  coming 
into  maturity  during  the  first  fifteen  days  of  October,  whereas 
the  earlier  ones  ripened  off  at  the  beginning  of  September. 

Tlie  experiments  were  carried  on  at  Cappelle  (Word)  and  con- 
sisted of  careful  selection  of  rich  varieties  which  showed  any 
tendency  to  hasten  maturity.  The  results  are  surprising.  Where- 
as the  early  varieties  formerly  used  contained  from  9  to  11*26  per 
cent,  of  sugar,  the  new  early  varieties  or,  rather,  true  races^  yield 
from  14  to  16  per  cent.  Thus  the  manufacturers  have  now  al 
their  command  early  races  (that  is,  varieties  which  come  true  to 
seed)  which  are  very  rich,  and  they  have  also  the  rich  races  which 
mature  later,  and  which  furnish  from  13*8 — 16*6  per  cent. 

k  G.       Xtm      G. 

4.  The  primordial  leaves  of  Abietineoe, — Daguillon  (Comptes 
Rendus,  14  Jan.,  1889)  points  out  the  fact  that  the  primordial 
leaves  (that  is  the  leaves  intermediate  between  the  cotyledons 
and  the  adult  leaves)  of  Abietineie  are  pretty  constant  in  form. 
In  some  instances,  as  for  example  in  the  genus  Pinus,  no  intermediate 
steps  are  to  be  seen,  but  in  some  others  various  transitional  shapes 
arc  discernible.  Tlie  passage  from  one  to  the  other  is  character- 
ized by  a  progressive  development  of  the  hypodermis  and  of  the 
Sclerenchyma  adjacent  to  the  fibro-ligneous  bundle.  In  certun 
cases  there  is  a  division  of  the  central  nerve  into  two  bandies 
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inder  a  common  Eudodermis.  The  differentiation  begins  in  the 
internal  morphology  of  the  organ.  g.  l.  g. 

5.  Notes  on  Cestoid  Entozoa  of  Marine  Fishes ;  by  Edwix 
Linton.* — This  second  report  on  Fish  Entozoa,  has  been  handed 
in  for  publication. 

The  paper  contains  notes  on  forty-two  species  of  Cestoids, 
eight  of  which  were  described  in  the  first  paper.f  Only  adult 
forms  are  described.  The  following  changes  in  the  nomenclature 
of  the  first  paper  have  been  made. 

PhyUobothrium  thysanocephalum  is  referred  to  a  new  genus 
and  is  recorded  under  the  name  Thysanocephalum  crispum, 
Rhynchohothrium  tenuicoUe  Rud.  is  referred  to  a  new  species 
R.  bidbifer.  Rhynehobothriuni  bisulcatum  is  put  in  Diesing's 
genus  Tetrarhynchobothrium,  The  reasons  for  these  changes  are 
given  under  the  observations  on  the  species.  Van  Beneden's 
genus  Acaiithobothriuniy  which  had  been  combined  with  the  genus 
CcUliobothrium  by  Diesing,  is  retained.  The  genus  Echeneiboth- 
rium  has  been  so  emended  as  to  exclude  those  species  with 
echeneiform  bothria  which  are  destitute  of  a  myzorhynchus. 
These  are  combined  in  the  new  genus  Rhinebothrium, 

There  are  peculiar  difficulties  in  the  way  of  classifying  the  un- 
armed TetrabothriidcB  and  more  investigation  is  needed  before 
the  truth  is  arrived  at.  Further  investigation  upon  new  material 
may  make  it  possible  to  unite  several  genera  of  the  Phylloboth- 
rinos.  Several  forms  were  discovered  in  which  the  bothria  were 
united  into  a  globe  or  disc.  These  have  been  referred,  for  con- 
venience, to  a  common  group,  to  which  the.  family  name  Oamo- 
bothriidoB  has  been  given.  The  genera  which  have  been  referred 
to  this  group  differ  greatly  from  each  other  but  agree  in  having 
the  bothria  united. 

One  of  the  most  remarkable  of  the  new  forms  is  the  one  I  have 
named  ParatcBnia  medusia.  This  is  a  small  tsenia-like  worm, 
which,  instead  of  having  a  simple  papilliform  proboscis,  or  a 
retractile  proboscis  armed  with  hooks,  has  sixteen  flexible  tentac- 
ular proboscides,  which  it  can  either  retract,  leaving  a  circular 
terminal  os,  or  extend,  forming  a  rosette  or  crown  of  tentacles 
like  those  of  an  Actinian. 

It  is  to  be  observed  that  the  species  which  I  have  succeeded 
in  identifying  with  European  species  belong  to  hosts  which,  for 
the  roost  part,  are  found  on  both  sides  of  the  Atlantic.  The 
species  described  in  this  paper  were  collected  in  the  months  of 
July  and  August  in  the  summer  of  1886  and  1887  at  Wood's 
Roll,  Mass.     During  the  summer  of  1887  I  made  most  careful 

*  Abstract  prepared  by  the  author ;  published  with  the  consent  of  Marshall 
tfcDonald,  U.  S.  Commissioner  of  Fish  and  Fisheries.  The  first  paper  is  incor- 
jorated  in  the  Report  of  the  U.  S.  F.  0.  for  the  year  1886.  Pp.  453-510.  Plates 
[  to  VI. 

f  Lack  of  space  makes  it  necessary  to  omit  the  list  of  species  and  the  families 
o  which  they  belong. — Eds. 

Am.  Jour.  Scl— Third  Seribs,  Vol.  XXXVll,  No.  219.— March,  1889. 
15a 
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search  for  small  forms  and  was  eminently  successful  in  my  exami- 
nation of  Trygon  ee^itrura  and  Carcharias  obscnrus.  In  the 
course  of  these  researches  a  ^jreat  many  encysted  forms  were 
obtained.  These  were  most  abundant  in  the  Teleostei.  The 
parts  most  affected  were  the  peritoneum,  liver,  submucous  and 
muscular  coats  of  the  stomach  and  intestine.  Many  species  of 
Treraatods,  Nematods  and  Acantbocephala  were  also  found.  Sn 
far  as  my  investigations  teach,  it  appears  that  very  few  of  the 
Cestoid  cntozoa  offish  pass  their  adult  stage  in  specifically  differ- 
ent hosts.  With  regard  to  the  encysted  form,  however,  the 
range  of  hosts  appears  to  be  greater. 

Probably'the  most  interesting  result  obtained  from  these  re- 
searches is  the  demonstration  of  a  somewhat  complicated  nen'ous 
system  in  Rhodobothrium  pulvinatum.  This  in  brief  consists  of 
a  squarish  ganglion  in  the  head  at  the  base  of  the  pedicels  con- 
nected by  paired  commissures  with  smaller  ganglia  of  which 
there  is  one  in  each  of  the  four  pedicels.  From  the  latter  ganglia 
smaller  branches  proceed  to  the  cushion-like  bothria.  Two 
lateral  branches  originate  with  the  principal  ganglion,  extend 
back  through  the  neck  and  presumably  continue  into  the  body. 
Transverse  sections  made  through  the  head  and  neck  of  a  Tetra- 
rhynrhohothrium  show  that  the  walls  of  the  contractile  bulbs  are 
very  thick  and  are  composed  of  several  diagonally  interlaciug 
layers  of  muscles.  In  these  sections  the  central  retractor  muscle 
of  the  proboscides  was  seen  to  be  made  up  of  a  number  of  fine 
longitudinal  fibers.  What  was  interpreted  as  nerves  were  abo 
seen  lying  one  beside  each  proboscis  sheath  and  commuuicatiDg 
with  the  anterior  ends  of  the  contractile  bulbs. 

Acknowledgments  should  here  be  made  to  my  wife,  Margaret 
H.  Linton,  for  the  sketches  (XV  Plates),  which  accompany  the 
report  and  which  will  doubtless  be  found  to  be  of  more  value  in 
establishing  the  identity  of  species  than  the  written  descriptions. 

Waaliington,  Pa.,  Nov.  9,  1888. 

Miscellaneous  Scientific  Intelligence. 

I.  Photographic  Map  of  the  A^ormal  Solar  Spectrum, — Phys- 
icists will  1)0  interested  in  the  announcement  that  a  new  ami 
greatly  im})roved  edition  of  the  map  of  the  solar  spectrum  by 
Prof(»ssor  Kowland,  extending  from  the  extreme  ultra  violet  down 
to  and  including  B  to  wave-length  6950,  is  now  ready.  There 
are  ten  plates,  lettered  from  a  to  ;,  each  3X2  feet  and  containiog 
two  strips  of  the  spectrum.  Of  these  ten,  all  are  ready  except 
the  first,  from  wave-length  3350  to  the  extremity  of  the  sp«^ 
trum ;  the  work  on  this  may  be  accomplished  this  summer  audit 
will  be  sold  as  an  extra  plate.  The  charge  for  single  plates  is 
$2.50  and  for  the  set  of  nine  (/>  to  J)  ^^is.OO.  Subscribers  to  the 
old  edition  will  have  the  preference  in  the  delivery  of  the  new  one 
and  a  reduction  of  10  per  cent  in  the  price.  The  three  plates  hS 
J,  to  complete  their  set,  will  be  furnished  for  i6.00,  or  the  four,  ^, 
A,  f,^*  for  $8.00. 
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There  are  also  two  plates,  each  3X2  £eet,  suitable  for  framing 
of  the  B  and  D  lines,  the  latter  3  inches  apart  and  the  former  hav- 
ing an  extent  of  about  24  inches.  .  Enlargements  of  some  of  the 
carbon  bands  from  the  arc  electric  light  have  also  been  made, 
these  bands  containing  many  hundred  lines,  each  one  of  which  is 
a  close  double  or,  in  some  cases,  a  triple.  These  plates  will  be 
sold  for  $2.25  unmounted  or  $2.50  mounted  on  cloth. 

All  subscriptions  and  orders  should  be  sent  and  remittances  (by 
draft,  or  money  order)  made  to  the  Publication  Agency  of  the 
Johns  Hopkins  lTnivei*sity^  Baltimore^  Md, 

2.  Temperature  record  at  Htlo,  Hawaii, — The  following  table 
gives  a  digest  of  the  thermometric  observations  made  at  the  United 
States  Consulate  Agency  at  Hilo  on  Hawaii,  by  Mr.  Charles 
Fnmeaux,  between  April  1  and  November  8,  1888.  The  tem- 
peratures are  given  in  the  record  for  each  day  and  from  these  the 
means  for  successive  periods  often  days  were  deduced. 


April. 


7  a.m. 


2  p.m. 


7  p.m. 


1—10 

69 

74i 

72 

1—10 

73 

80 

74 

11—20 

70 

78 

7H 

11—29 

74 

81 

76 

21—30 

71 

81 

76 

21—31 

73i 

81 

76 

lUjr. 

September. 

1—10 

70 

78 

73^ 

1-10 

73 

83 

76 

11—20 

72 

79 

75 

11—20 

72 

82 

77i 

21—31 

74 

79 

75 

21—30 

73 

82 

78 

June. 

October. 

1—10 

73 

81 

76 

1      10 

72 

82 

78 

11—20 

74 

82 

76 

11—20 

72 

79i 

75 

21—30 

74 

80 

76 

21—31 

71 

78 

74 

July. 

November. 

1—10 

73 

80 

76 

1        8 

70 

78 

73 

11—20 

74 

80 

76 

9—20 

71 

79i 

75 

21—31 

74 

80 

76 

21—30 

71 

77 

73 

AagOBt- 


7  a.m. 


2  p.m. 


7  p.m. 


December,  1-10,  11-20,  21-31;  69,  77,  72;  68,  76^,  71^;  68,  78,  71. 

3.  A  short  Account  of  the  History  of  Mathematics  ;  by  Wal- 
ter W.  RouBR  Ball.  8°,  pp.  xxxiii,  464, 1888,  Macmillan  &  Co. — 
Mr.  Ball  has  given  us  a  very  readable  history  and  the  work  is  well 
done.  As  a  general  outline  history  it  is  a  decided  advance  upon 
anything  we  have  in  the  English  language.  The  earlier  history 
especially  is  well  given.  There  are  inherent  difficulties  when  he 
comes  near  to  the  present  time,  and  it  is  not  surprising  that  Mr. 
Ball  has  not  entirely  overcome  them  even  to  his  own  satisfaction. 
Something  like  a  defect  in  perspective  is  evident  in  the  final 
chapters.  Thus  three  lines  to  Grassman  and  a  page  to  Hamilton 
will  not,  we  think,  be  the  proportionate  space  given  to  the  two 
men  in  the  pages  of  a  history  written  a  century  hence.  To  some- 
thing like  the  same  cause  may  be  attributed  the  statements  (pp. 
413,  414)  that  Felix  Klein  is  now  Professor  at  Berlin,  Otto  Hesse 
Professor  at  Heidelberg,  and  that  Camille  Jordon  died  in  1878. 
The  persistent  misspelling  of  Bernoulli  is  so  common  to  other 
writers  as  to  be  easily  excused  in  Mr.  Ball's  pages.  We  find  only 
one  American  name  in  the  book.  Among  the  many  excellencies 
of  the  book  is  its  admirable  index. 
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4.  The  National  Oeographic  Magazine.  Vol.  I,  N 
Washington,  1889. — The  "National  Geographic  Socie 

fanized  in  January,  1888,  "to  increase  and  diffuse 
nowledge,''  and  this  magazine  now  appears  as  tlie  o 
Society  and  to  aid  in  the  accomplishment  of  its  aimf 
pected  that,  though  issued  at  irregular  intervals  at  fin 
bers  will  later  appear  periodically.     The  magazine 
auspiciously  in  attractive  form  with  a  number  of  valu 
liberally  illustrated.     These  include  the  address  of  th 
Mr.  Gardiner  G.  Hubbard,  and  also  the  following : 
methods  in  geologic  investigation,  by  Wm.  M.  Davis 
tion  of  geographic  forms  by  genesis,  by  W.  J.  McGee 
storm  of  March  11-14,  1888,  by  A.  W.  Greeley  and  E 
den,  with  four  folded  plates ;  the  survey  of  the  coas 
Ogden ;  the  survey  and  map  of  Massachusetts,  by  Hem 
The  proceedings  of  the  Society,  by-laws,  list  of  mei 
close  the  number.     The  subjects  with  which  the  new  1 
to  deal  are  such  as  will  interest  and  appeal  to  a  large 
persons,  and  it  is  to  be  hoped   that  it  will  meet  with 
support  and  co5peration  which  it  merits. 

Many  readers  will  regret  the  method  too  rigidly  ad 
cutting  down  the  adjectives  ending  in  ical  to  a  con 
thus  depriving  the  language  in  a  number  of  cases  of  i 
tion  of  meaning  which  the  use  of  the  two  independent 
allows.  A  Geologic  society  or  association  is  well  cxe 
the  early  Tertiary  association  of  Oshes  in  the  Gi 
basin  ;  a  Microscopic  society,  in  the  Richmond  Infusori 
Magazines  may  be  Microscopical,  Geological,  Geogra 
not  Microscopic,  Geologic  or  Geographic. 

6.  JBathymetric  Map^  Plate  VlL — After  the  prece< 
was  printed,  I  received  a  communication  from  Marshall  \ 
Commissioner  of  the  U.  S.  Fish  Commission,  dated  Fc 
in  which  he  mentioned  the  very  interesting  fact  thai 
tross,  of  the  Fish  Commission,  has  proved  the  extern 
deep  depression  south  of  the  eastern  part  of  the  Aleuti 
to  a  distance  westward  of  about  400  miles.  In  crossing 
was  obtained,  in  Lat.  52*"  20'  N.  and  Long.  1(55°  00'  VS 
fathoms.  The  trough  was  found  to  be  30  miles  wide. 
N'.  and  163''  54'  W.,  the  depth  found  was  2848  fathoms 
N.,  166''  05'  W.,  2654  in  52°  40'  N.,  166*  35'  W.,  226 
in  62°  63'  N.,  166°  44'  W.,  1961  fathoms.  The  directio 
for  the  deep  trough  was  S.  65°  W.  The  conclusion  is  s 
**  The  soundings  revealed  a  depression  only  "  and  not  i 
tion  of  the  trough  "  to  the  Tuscarora's  soundings  of  40; 
off  Attou." 

6.  Soaps  and  Candles.  Edited  by  James  Cahbu 
306  pp.  12mo.  Philadelphia,  1888. — This  little  volum 
in  compact. form  a  large  amount  of  information  upon  a 
much  interest  in  applied  chemistry.  It  forms  one  of  ; 
technological  handbooks  based  upon  articles  in  Coole 
pedia. 
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[Read  before  the  National  Academy  of  Sciences,  Nov.  14,  1888.] 

Relation  of  rain-areas  to  areas  of  high  and  low  pressure, 

1.  In  former  papers  (Nos.  6,  7,  12,  17  and  18)  I  have  in- 
restigated  the  circumstances  attending  remarkable  rain-falls 
)th  in  the  United  States  and  Europe,  and  obtained  some  im- 
)rtant  results.  Since  the  publication  of  those  papers,  the 
[materials  suited  to  this  inquiry  have  greatly  increased,  and  I 
rlave  revised  the  investigation,  availing  myself  of  all  the  ma- 
terials within  my  reach.  The  publisned  volumes  of  Signal 
Service  tri-daily  observations  embrace  a  period  of  41  months, 
Whereas  when  I  prepared  papers  6  and  7,  only  15  months'  ob- 
servations had  been  published.  The  observations  of  41  months 
fhow  106  cases  in  which  there  was  a  rain-fall  of  at  least  two 
^ches  in  eight  hours,  at  some  station  east  of  the  Rocky  Moun- 
tains, and  North  of  the  parallel  of  36  degrees.  These  cases 
^ere  distributed  by  seasons  as  follows  :  Winter,  ,7  ;  Spring,  14 ; 
Summer,  53 ;  and  Autumn,  32 ;  which  shows  that  great  rains 
Occur  most  frequently  during  that  period  of  the  year  in  which 
the  atmosphere  contains  the  greatest  amount  of  vapor. 

Great  rain-falls  occur  much  more  frequently  near  the  Atlantic 
coast,  than  they  do  at  interior  stations.  Of  the  106  cases  com- 
pared, 60  occurred  on  or  near  the  Atlantic  coast,  and  46  at  the 
interior  stations.     As  there  were  numerous  changes  in  the 
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stations  during  the  period  of  the  observations,  the  ratio  of  the 
number  of  the  interior  stations  to  the  coast  stations  was  varU- 
ble ;  but  for  the  entire  period,  the  former  were  nearly  three 
times  as  numerous  as  the  latter ;  showing  that  near  the  Atlantic 
coast  north  of  Latitude  35°,  great  rain-falls  occur  four  times 
as  frequently  as  in  the  intenor  of  the  United  States,  east  of 
the  Rocky  Mountains. 

2.  The  rain  areas  were  generally  associated  with  areas  of  low 
pressure,  and  the  rain  center  was  generally  on  the  east  side  of 
the  low  center.  The  number  of  cases  for  each  of  the  four 
quadrants  was  as  follows  : 

Rain  center  in  the  N.E.  quadrant,  80  per  cent  of  the  whole  number. 

S.E.  "  28        **  •    ** 

N.W.        **  9        " 

S.W.        "  9        "  **  " 

The  two  centers  coincident,  24        **  ••  ** 

The  greatest  rains  are  generally  associated  with  areas  of  low 
pressure  of  only  moderate  depression.  For  the  cases  which 
occurred  during  the  winter  months,  the  average  height  of  the 
barometer  at  the  low  center  was  29*50  inches ;  and  for  the 
cases  which  occurred  during  the  summer  months,  the  average 
height  of  the  barometer  at  the  low  center  was  29*70  incheg. 
In  only  one  case  did  the  barometer  sink  as  low  as  29  inches, 
although  in  the  United  States  and  Canada  the  barometer  sinks 
below  29  inches  on  an  average  17  times  annually,  as  indicated 
by  tri-daily  observations. 

Generally  a  rain-fall  amounting  to  two  inches  in  eight  hours 
does  not  last  more  than  eight  hours,  either  at  the  same  station 
or  at  any  neighboring  station.  Among  the  106  cases  com- 
pared, there  were  only  live  cases  in  which  two  inches  of  rain 
fell  in  two  successive  periods  of  eight  hours  at  the  same  station, 
and  there  were  four  other  cases  m  which  two  inches  of  rain 
fell  in  the  succeeding  eight  hours  at  a  second  station  so  near 
the  iirst  station,  that  the  rain  may  be  presumed  to  have  fallen 
at  this  rate  uninterruptedly  for  sixteen  hours  or  more. 

3.  During  the  period  of  41  months'  observations,  there  were 
67  cases  in  which  there  was  a  rain-fall  of  at  least  2^  inches  in 
eight  hours  at  stations  east  of  the  Rocky  Mountains,  and  south 
of  the  parallel  of  36°.  These  cases  were  distributed  by  seasons 
as  follows :  Winter,  4 ;  Spring,  9  ;  Summer,  22  ;  and  Autumn, 
32.  The  greatest  number  of  eases  occurred  in  the  autumn, 
while  north  of  Lat.  36°  the  greatest  number  occurred  in  sum- 
mer. South  of  Lat.  36°  the  month  of  greatest  frequency  is 
September,  while  north  of  Lat.  36°  the  month  of  greatest 
frequency  is  July,  but  August  shows  an  almost  equal  number 
of  cases.  The  difference  therefore  in  the  date  of  maximum 
frequency  for  the  northern  and  southern  parts  of  the  United 
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States,  is  not  very  great,  and  tnay  disappear  in  a  longer  series 
)f  obsiervations. 

These  great  rain-falls  occur  somewhat  more  frequently  near 
;he  coast  of  the  Atlantic  or  the  Gulf  of  Mexico  than  at  interior 
stations.  Of  the  67  cases  compared,  46  occurred  on  or  near 
;he  coast,  and  21  occurred  at  interior  stations.  During  the 
period  of  these  observations,  the  number  of  coast  stations  was 
somewhat  greater  than  the  interior  stations,  and  the  average 
lumber  of  great  rain-falls  at  the  coast  stations  was  about  one- 
dalf  greater  than  at  interior  stations. 

The  rain  center  was  generally  on  the  east  side  of  the  low 
center,  and  the  number  of  cases  for  each  of  the  four  quadrants 
svas  as  follows : 

Rain  center  in  the  N.E.  quadrant,  84  per  cent  of  the  whole  number. 

S.E.  **         21 

N.W.        **  5        **  **  " 

8.W.         "  18        "  **  <* 

The  two  centers  coincident,  22        **  "  " 

The  most  noticeable  difference  between  these  results  and 
those  for  the  northern  portion  of  the  United  States  is  a  less 
number  of  cases  in  the  S.E.  quadrant,  and  a  greater  number  in 
the  S.W.  quadrant.  This  difference  may  perhaps  be  ascribed 
to  the  fact  that  in  the  southern  portion  of  the  United  States, 
the  Gulf  of  Mexico  is  an  important  source  of  the  vapor  which 
LB  precipitated,  while  in  the  northern  portion,  the  Atlantic 
Ocean  affords  the  principal  supply. 

Among  the  67  cases  under  examination,  there  is  only  one  case 
in  which  two  and  a  half  inches  of  rain  fell  in  two  successive 
periods  of  eight  hours  at  the  same  station,  and  there  are  three 
other  cases  in  which  two  and  a  half  inches  fell  in  a  second  period 
of  eight  hours  at  a  station  near  the  first.  Thus  we  see  that  while 
heavy  rains  are  of  more  frequent  occurrence  in  the  southern 
part  of  the  United  States  than  they  are  in  the  northern  part, 
they  have  a  less  period  of  duration. 

The  depression  of  the  barometer  accompanying  great  rain- 
falls is  not  very  great,  the  average  pressure  at  the  low  center 
being  2963  inches  for  that  part  of  the  United  States  north  of 
Lat.  36°;  and  29  77  inches  for  that  part  of  the  United  States 
south  of  Lat.  36°. 

4.  In  order  to  show  what  effect  is  produced  upon  the  rain- 
fall by  an  extraordinary  depression  of  the  barometer,  I  have  ex- 
amined all  the  cases  in  which  the  barometer  fell  below  29 
inches,  at  any  station  in  the  United  States  or  Canada,  during 
the  period  from  September,  1872,  to  June,  1884.  The  num- 
ber of  such  cases  is  131,  and  the  average  rain-fall  in  24  hours 
at  all  these  stations  was  158  inches,  and  the  greatest  rainfall  at 
any  of  the  stations  was  4*32  inches.     At  38  of  the  stations  the 
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rain-fall  exceeded  two  inches,  and  at  34  stations  the  rain-fall 
was  less  than  one  inch.  In  all  of  the  cases  in  which  the  rain- 
fall did  not  amount  to  one  inch  in  24  hours  at  any  of  the 
stations,  the  center  of  low  pressure  was  over  the  Atlantic 
Ocean,  or  very  near  the  coast  In  these  cases  the  eastern  seg- 
ment of  the  low  area  was  over  the  Atlantic  Ocean  where  the 
amount  of  the  precipitation  could  not  be  measured  ;  and  we 
have  found  that  the  greatest  rain-fall  almost  invariably  occure 
in  this  eastern  segment.  When  the  low  center  was  over  the 
interior  of  the  continent,  the  average  rain-fall  at  the  prinaipa] 
rain  centers  was  2*48  inches;  so  that  it  seems  reasonable  to 
conclude  that  if  we  had  observations  from  all  parts  of  each  of 
the  131  low  areas,  the  average  rain-fall  for  the  principal  rain 
centers  would  not  be  less  than  two  and  a  half  inches  in  24 
hours.  Even  this  amount  does  not  seem  very  large  in  com- 
parison with  the  rain-fall  accompanying  an  average  depression 
of  29 -63  inches;  and  we  seem  forced  to  conclude  that  a  mod- 
erate depression  of  the  barometer  is  as  favorable  to  great  rain- 
fall as  an  extremely  great  depression.  This  may  appear  to 
indicate  that  rain-fall  has  but  little  connection  with  barometric 
depressions.  It  should,  however,  be  remembered  that  the 
depression  at  the  center  of  a  low  area  depends  not  merely  upon 
the  barometric  gradient,  but  upon  the  geographical  extent  of 
the  low  area.  If  at  the  center  of  a  low  area  having  a  diameter 
of  1000  miles,  the  depression  of  the  barometer  is  one-half  inch 
below  the  mean,  at  the  center  of  a  low  area  having  a  diameter 
of  2000  miles,  with  the  same  barometric  gradient,  the  depres- 
sion would  be  an  entire  inch  below  the  mean.  In  the  United 
States,  when  the  barometer  sinks  below  29  inches,  the  average 
diameter  of  the  areas  of  low  pressure  is  2140  miles ;  but  when 
the  lowest  isobar  is  29*5  inches,  the  average  diameter  of  the 
low  areas  is  1J85  miles;  which  shows  that  wlien  the  barometer 
is  most  depressed,  the  average  barometric  gradient  is  but  little 
greater  than  it  is  with  a  moderate  depression.  Extreme 
depressions  of  the  barometer  are  generally  due  to  an  unusual 
geographical  extent  of  the  low  arejis,  and  it  appears  that  great 
rain-falls  depend  upon  the  barometric  gradient  more  than  they 
do  upon  the  geographical  extent  of  the  low  areas. 

5.  I  next  examined  those  cases  in  which  the  total  rain-fall 
for  all  the  stations  was  uncoiiunonly  great.  From  September, 
1872,  to  November,  1873,  I  selected  those  cases  in  which  the 
total  rain-fall  at  all  the  stations  east  of  the  Rocky  Mountain^ 
amounted  to  at  least  nine  inches  in  eight  hours ;  from  Decem- 
ber, 1873,  to  January,  1875, 1  selected  those  cases  in  which  the 
total  rain  fall  amounted  to  at  least  ten  inches  in  eight  hours; 
from  January,  1877,  to  June,  1877,  eleven  inches;  and  from 
July,  1877,  to  December,  1877,  twelve  inches  in  eight  hours. 
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This  change  in  the  amount  of  rain-fall  adopted  as  the  standard 
was  rendered  necessary  by  the  gradually  increased  number  of 
the  stations  of  observation. 

The  number  of  cases  of  rain-fall  which  fulfilled  the  preced- 
ing conditions  was  106.  The  geographical  extent  of  some  of 
these  rain  areas  was  remarkable.  In  ten  cases  the  area  of  one 
inch  raio-fall  was  at  least  500  English  miles  in  length ;  and  in 
three  cases  it  exceeded  700  miles  in  length.  Frequently  the 
entire  rain-area  is  an  oval  figure  whose  length  exceeds  1000 
miles,  and  whose  breadth  exceeds  500  miles. 

These  106  cases  were  distributed  by  seasons  as  follows: 
Winter,  30  cases ;  Spring,  19  ;  Summer,  15  ;  and  Autumn,  42. 
These  great  rain  areas  are  thus  seen  to  be  most  frequent  in 
Autumn,  and  the  month  of  greatest  frequency  is  November. 
We  have  found  that  excessive  rains  at  single  stations  are  most 
common  from  July  to  September. 

6.  The  directions  of  the  station  of  greatest  rain-fall  from  the 
point  of  minimum  pressure  were  as  follows : 

Rain  center  in  the  S.E.  quadrant,  40  per  cent  of  the  whole  number. 

N.E.  **         37 

S.W.  **         10  "  **•  ** 

N.W.  **  3  •*  ** 

Direction  nearly  South,  4  **  "  " 

East,  5  ** 

North,  1  "  ** 

We  see  that  the  greatest  rain-fall  generally  occurred  on  that 
Bide  of  the  center  of  low  pressure  towards  which  the  low  area 
was  advancing ;  that  is,  the  low  center  moved  towards  the  rain 
area.  In  about  60  per  cent  of  the  whole  number  of  cases,  these 
two  directions  were  inclined  to  each  other  less  than  60°.  This 
coincidence  would  have  been  more  frequent,  if  the  direction  of 
progress  of  the  low  centre  had  been  compared  with  the  direc- 
tion of  the  greatest  rain  area,  instead  of  the  station  of  greatest 
rain-fall;  for  frequently  the  station  of  greatest  rain-fall  was 
not  included  in  the  greatest  rain  area.  In  several  of  the  cf»J3es 
in  which  the  principal  rain  center  was  on  the  west  side  of  the 
low  center,  the  geographical  extent  of  the  rain  areas  on  the  east 
side  was  greater  than  that  on  the  west  side.  This  fact  seems 
to  indicate  that  the  general  movement  of  the  winds  depends 
more  upon  the  geographical  extent  of  the  rain  areas,  than  upon 
the  quantity  of  rain  which  falls  at  a  single  station.  In  two 
cases  when  the  rain  center  was  in  the  northwest  quadrant,  the 
center  of  least  pressure  moved  towards  the  northwest,  which 
appears  to  indicate  very  distinctly  the  tendency  of  a  low  center 
to  incline  towards  a  rain  area.  When  the  station  of  greatest 
rain-fall  was  southwest  of  the  center  of  minimum  pressure,  the 
rain-fall  on  the  southwest  side  accompanied  the  advance  of  an 
area  of  high  pressure,  with  winds  from  the  northwest  quarter 
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supplanting  the  southerly  winds  which  had  preceded.  Tlie 
barometric  gradients  within  the  rain  areas  were  small,  and  the 
rain-fall  in  the  southwest  quadrant  had  but  little  influence  in 
determining  the  general  movement  of  the  winds  about  the  low 
center,  becAuse  Uie  southerly  winds  were  soon  supplanted  by 
the  advancing  west  and  northwest  winds. 

7.  There  is  generally  a  marked  uniformity  in  the  changes  of 
pressure  and  temperature  accompanying  the  eastward  prc^jress 
of  an  area  of  low  pressure.  In  front  of  the  low  area  the  pres- 
sure diminishes,  and  in  the  rear  the  pressure  increases.  For 
the  106  cases  under  examination,  the  average  diminution  of 
pressure  in  eight  hours  on  the  front  side  of  the  stonm  was  0*24 
mch,  and  the  average  increase  of  pressure  on  the  rear  side  wag 
0*12  inch.  For  different  storms,  however,  those  numbers  were 
very  unequal.  In  some  of  the  cases  the  barometer  fell  more 
than  half  an  inch  in  eight  hours  in  front  of  the  storm,  and  in 
one  case  the  barometer  fell  O'SO  in  eifi^ht  hours.  On  the  otlier 
hand  tliere  were  several  cases  in  which  the  barometer  remained 
nearly  stationary  during  the  eight  hours  preceding  the  approach 
of  the  low  center. 

There  were  fOnr  cases  in  wliich  the  rise  of  the  barometer  in 
the  rear  of  the  storm  exceeded  0*40  inch  in  eight  hours.  There 
were  several  cases  in  which  for  eight  hours  the  barometer  was 
almost  entirely  stationary  in  the  rear  of  the  storm ;  and  there 
were  two  cases  in  which  there  was  an  average  diminution  of 
pressure  amounting  to  four  or  five  hundredths  of  an  inch  dur- 
ing the  eight  hours  succeeding  the  passage  of  the  storm's  cen- 
ter. These  cases,  in  which  the  pressure  remained  nearly 
stationary  for  eight  hours  preceding  or  following  the  low 
center,  generally  resulted  from  the  mterference  oi  a  second 
area  of  low  j)res8ure.  When  an  area  of  low  pressure  is  pre- 
ceded by  a  second  area  of  low  pressure,  within  a  distance  of  a 
few  hundred  miles,  the  fall  of  the  barometer  in  front  of  the 
first  low  center  is  generally  very  small ;  and  when  an  area  of 
low  pressure  is  followed  immediately  by  a  second  area  of  luw 
pressure,  the  rise  of  tlie  barometer  in  the  rear  of  the  first  low 
center  is  ffcnerallv  verv  small. 

8.  For  the  10f>  cases  under  examination,  there  was  an  aver- 
age rise  of  the  thennometer  amounting  to  seven  degrees  during 
the  twenty-four  hours  preceding  the  approach  of  tlie  low 
center ;  and  there  wa.<  an  average  fall  of  eight  degrees  during 
the  succeeding  twenty-four  hours.  These  numbers,  however, 
fluctuated  from  twenty-eight  degrees  to  zero,  over  a  large 
geographical  area,  and  in  indi\ndual  cases  the  fluctuations  were 
considerably  greater.  In  a  few  cases  there  was  a  noticeable 
correspondence  between  the  magnitude  of  the  barometric  and 
thermometric  fluctuations  attending   the   progress   of   a  low 


E.  Loomw — Contributions  to  Meteorology.  249 

enter,  but  generally  such  k  correspondence  was  not  very  dis- 
inctly  marked ;  the  changes  of  temperature  being  often  due 
3  causes  which  had  but  little  influence  upon  the  barometer. 

9.  A  single  rain-area  seldom  occurs  alone.  In  90  per  cent  of 
he  106  cases  of  great  rain-fall  under  examination,  there  was 
lore  than  one  ram-area  east  of  the  Eocky  Mountains  with  at 
3a6t  a  half  inch  rain-fall,  and  if  we  include  smaller  rain  areas, 
lie  percentage  is  still  greater.  In  36  per  cent  of  the  whole 
umber  of  cases,  there  were  at  least  four  rain-areas  with  not 
jss  than  a  half  inch  rain-fall ;  in  9  per  cent  of  the  cases  there 
rere  at  least  six  rain-areas  with  not  less  than  a  half  inch  rain- 
dl ;  and  in  one  case  (Sept.  11.3,  1S72),  there  were  eight  rain- 
reas  all  of  which  exceeded  a  half  inch.  These  facts  suggest 
lie  idea  that  those  conditions  which  are  favorable  to  rain-fall 
t  one  locality,  are  generally  favorable  to  rain-fall  over  a  much 
irger  district.  Extensive  rains  frequently  result  from  an  un- 
liable condition  of  the  atmosphere,  in  consequence  of  which 
ie  stratum  of  air  near  the  earth's  surface  tends  to  ascend, 
'his  unstable  condition  may  result  from  a  temperature  above 
le  mean  for  the  given  time  and  place,  and  it  may  also  result 
pom  the  presence  of  an  unusual  amount  of  aqueous  vapor, 
'hese  conditions  of  unusual  heat  and  unusual  humidity  oiten 
revail  simultaneously  over  an  area  several  hundred  miles  in 
iaraeter.  Over  such  a  region  the  entire  stratum  of  air  near 
be  earth's  surface  tends  to  ascend.  A  general  ascent  of  the 
ir  over  a  large  area  is  impossible,  but  some  local  cause  may 
etermine  an  upward  movement  at  some  point  in  this  area, 
nd  the  surrounding  air  will  be  drawn  in  to  supply  the  place 
f  the  air  which  ascends.  The  vapor  of  the  ascending  air 
dll  be  cooled  by  elevation,  and  be  precipitated,  and  thus  may 
ommence  a  shower  which  under  favorable  conditions  will 
icrease  and  continue  for  several  hours.  When  this  unstable 
ondition  of  the  air  prevails  over  a  large  area,  there  may  be 
lore  than  one  point  where  such  an  ascending  current  is 
3nned,  and  thus  we  may  have  several  rain-areas  prevailing 
multaneously  within  a  few  hundred  miles  of  each  other. 

Rain-areas,  with  a  total  rain-fall  of  6  or  7  inches  in  eight 
ours  for  all  the  stations  east  of  the  Rocky  Mountains,  seldom 
^ntinue  for  more  than  24  hours ;  only  five  such  cases  having 
een  found  in  a  period  of  41  months,  and  there  were  only  six 
ases  in  which  the  rain-center  continued  at  the  same  station 
>r  a  period  of  16  hours.  These  facts  seem  to  indicate  that 
le  causes  which  produce  rain  do  not  derive  increased  force 
rom  the  rain-fall  for  an  indefinite  period  of  time,  but  after  a 
3W  hours  they  expend  themselves  and  become  exhausted. 

10.  The  preceding  examination  of  great  rain-storms  seems 
)  warrant  some  generalizations  respecting  the  conditions 
ivorable  for  rain-iall. 


250  E.  Loomis — Contrtbyiians  to  Meteorology. 

A.  One  of  the  most  common  causes  of  rain  is  an  nnstable 
condition  of  the  atmosphere  resulting  from  an  unnsuallj  high 
temperature  combined  with  unusual  humidity.  This  condition 
of  the  atmosphere  is  most  frequently  found  where  the  baro- 
metric pressure  is  somewhat  below  the  mean,  although  it 
sometimes  extends  beyond  the  isobar  of  30  inches.  It  is  most 
frequently  found  in  the  eastern  segment  of  the  low  area,  and 
is  generally  accompanied  by  easterly  or  southerly  winds, 

B.  Another  very  common  cause  of  rain,  and  one  which  is 
frequently  associated  with  the  former,  is  a  cold  northerly  or 
westerly  wind  in  the  western  segment  of  the  low  area.  This 
cold  wind  pushes  under  the  warm  and  humid  wind  which 

? prevails  in  the  eastern  segment  of  the  low  area,  and  lifts  it  up 
rora  tlie  eartli's  surface  to  such  a  height,  that  a  considerable 
portion  of  its  vai)or  is  condensed.  Frequently  there  is  direct 
evidence  that  the  westerly  winds  in  the  rear  of  a  storm  are 
merely  surface  winds,  and  that  the  southeast  winds  which  pre- 
vailed in  front  of  the  stonn  extended  to  the  rear  occupyiDg  a 
stratum  of  considerable  elevation.  It  is  generally  difiicult  to 
obtain  evidence  of  the  dii*ection  of  the  upper  stratum  of  air, 
while  a  rain-storm  is  prevailing  at  the  surface  of  the  earth ;  but 
occasional] V  there  are  breaks  m  the  lower  stratum  of  clouds 
which  enable  us  to  observe  the  movement  of  the  upper  clouds. 
The  observations  on  Mt.  Washington  afford  us  at  ail  times  the 
means  of  comparing  the  winds  at  low  stations  with  the  windt^ 
at  the  height  of  6000  feet.  We  frequently  find  that  the  latter 
winds  are  from  the  south  or  southeast,  while  the  surface  winds 
are  from  the  north  or  west. 

C.  Proximity  to  the  ocean  or  to  a  large  inland  sea  is  favor- 
able to  rain-fall.  We  have  seen  that  heavy  rains  are  more 
frequent  near  the  coast  of  the  Atlantic  ocean  and  the  Gulf  of 
Mexico,  than  they  are  at  interior  stations. 

The  following  facts  seem  well  established : 

1).  No  ^reat  barometric  depression  with  steep  gradients  ever 
occurs  witJiout  considerable  rain.  This  is  true  not  only  for  the 
United  St^ites,  but  also  for  the  cyclones  of  the  West  Indies,  for 
those  of  the  (>liina  sea,  of  India  and  the  Bay  of  Bengal. 

E.  In  great  rain-stonns  the  barometric  pressure  generallT 
diminishes,  while  the  rain-fall  increases. 

F.  The  greatest  depression  of  the  barometer  generally  occur? 
about  twelve  houi^s  after  the  greatest  rain-fall. 

(t.  a  great  fall  of  rain  is  favorable  to  a  rapid  progress  of  the 
center  of  least  pressure,  while  a  small  rain-fall  is  generally 
attended  by  a  less  rapid  ])rogress.  It  is,  however,  plain  that  the 
rate  of  progress  of  a  low  center  depends  partly  upon  other 
causes  than  the  amount  of  rain-fall. 

11.  In  my  7th  paper  I  have  shown  that  considerable  depre^ 
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ions  of  the  barometer  sometimes  occur  without  rain,  or  at 
loet  with  very  little  rain.  This  result  is  confirmed  by  41 
Qonths  of  Signal  Service  tri-daily  observations,  which  furnish 
30  cases  in  which  the  total  rain-fall,  at  all  the  stations  east  of 
lie  KocW  Mountains,  was  less  than  one-tenth  of  an  inch  in  8 
lonrs.  For  a  period  of  40  hours  from  October  19.8  to  21.1, 
.872,  the  total  rain-fall,  at  all  the  stations  east  of  the  Rocky 
Siountains,  was  only  Odl  inch.  An  area  of  low  pressure  pre- 
railed  throughout  the  northwest,  and  the  barometer  at  St.  Paul 
fell  to  29*57.  The  temperature  at  LaCrosse  rose  27°  above  the 
aomial.  Throughout  tnis  low  area  not  a  drop  of  rain  was 
reported  during  these  40  hours.  For  a  period  of  32  hours  from 
M^y  6.3  to  May  7.3,  1874,  the  total  rain-fall  at  all  the  stations 
east  of  the  Eocky  Mountains  was  only  0*07  inch.  The  barom- 
eter at  Fort  Sully  fell  to  29-44,  and  the  temperature  rose  22° 
above  the  normal.  From  May  6.1  to  May  8.3,  a  period  of  72 
hours,  the  rain-fall  within  the  area  of  low  pressure  was  only 
0*09  inch.  It  may  be  said  that  these  cases  of  low  pressure 
generally  occurred  in  that  region  where  the  stations  of  observa- 
tion are  widely  separated,  and  that  rain  may  have  fallen  at 
intermediate  points  where  there  was  no  observer.  The  long 
continuance  oi  the  rainless  condition,  in  the  cases  just  men- 
tioned, is  pretty  conclusive  evidence  that  the  fall  of  rain  must 
have  been  very  slight  over  the  entire  area  of  low  pressure. 
The  month  oi  October,  1872,  was  one  of  unusual  drought 
throughout  the  whole  of  the  northwestern  part  of  the  United 
States.  During  the  first  27  days  of  the  month,  no  rain  fell  at 
St.  Paul,  there  was  only  0*02  inch  at  Fort  Sully,  and  only  0*09 
inch  at  Omaha.  From  Feb.  8.2  to  10.3,  1877,  a  period  of  64 
hours,  the  total  rain-fall  at  all  the  stations  east  of  the  Rocky 
Mountains  was  only  0*62  inch.  An  area  of  low  pressure  pre- 
vailed throughout  the  northwestern  part  of  the  United  States 
(Bar.  29*51  at  Bismark),  and  within  this  low  area  not  a  drop 
of  rain  was  reported  during  these  64  hours.  The  thermometer 
at  St.  Paul  rose  23°  above  the  normal. 

12.  These  examples  are  suflicient  to  show  that  in  the  north- 
western part  of  tne  United  States  (east  of  the  Rocky  Moun- 
tains) there  are  sometimes  formed  areas  of  low  pressure  having 
great  geographical  extent,  and  accompanied  by  an  amount  of 
rain  which  is  extremely  small.  Throughout  nearly  the  whole 
extent  of  these  low  areas  the  average  temperature  was  above 
the  normal,  and  in  the  neighborhood  of  the  low  center  it  was 
20°  above  the  normal.  We  cannot  ascribe  this  unusual  tem- 
perature to  the  heat  developed  in  the  condensation  of  aqueous 
vapor.  We  must  ascribe  it  to  the  direct  effect  of  the  sun's 
rays  acting  upon  the  sandy  soil  of  the  northwestern  plains. 
Tnese  low  areas  in  the  northwest  were  all  attended  by  an  area 
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of  high  pressure  on  the  east  or  southeast  side,  where  the  aver- 
age height  of  the  barometer  was  30*36  inches.  This  high  tem- 
perature over  the  northwestern  plains,  combined  with  an  area 
of  high  pressure  on  the  east  or  southeast  side,  is  sufficient  to 
cause  a  general  movement  of  the  surrounding  air  towards  the 
heated  region.  The  Signal  Service  maps  are  too  limited  in 
extent  to  show  what  were  the  atmospheric  conditions  on  the 
north  and  west  sides  of  the  low  area ;  but  we  must  conclude 
that  the  colder  air  from  the  north  would  press  down  to  di^ 
place  the  wanner  air  of  the  low  area.  Thus  we  find  all  the 
forces  requisite  to  generate  a  cyclonic  movement  of  the  winds 
about  the  center  of  the  heated  region.  The  heat  of  the  central 
area  is  continually  recruited  by  the  direct  action  of  the  sun's 
rays,  and  thus  the  cyclonic  movement  of  the  low  area  may  be 
maintained  for  a  long  time,  while  the  steady  pressure  of  the 
air  on  the  western  side  (arising  from  the  same  causes  which 
determine  tlie  average  system  of  circulation  of  the  winds)  fills 
uj)  the  low  area  on  its  western  side,  and  thus  crowds  the  low 
area  slowly  eastward. 

13.  If  areas  of  low  pressure  of  great  geographical  extent 
maybe  formed  and  maintained  for  several  days  with  very  little 
rain,  is  there  no  difference  between  the  low  areas  which  are 
attended  1)V  a  lieavv  rain-fall,  and  those  which  are  attended  bv 
very  little  rain  ^  Differences  do  exist  and  generally  they  are 
strongly  marked.     The  following  are  some  oi  them  : 

Characteristics  of  areas  of  loto  pressure. 

Witli  exccHsivo  rain-fall.  i  With  little  or  no  ram. 

a.  Steep  barometric  gnidients.         a.  Feeble  barometric  gradients. 

b.  Violent  wiiuls.  '  h.  Moderate  winds. 

e.  Riipid  changes  of  barometric      c.  Slow  changes  of  barometric 

pressure.  \  pressure. 

d.  Rapid  progressive  movement,   i  d.  Slow  progressive  movement. 

These  are  the  elmraeteristics  of  an  area  of  low  pressure  which 
stands  alone,  uuiiitliienced  by  the  proximity  of  a  second  area  of 
low  pressure.  When  two  areas  of  low  pressure  are  foniied 
near  each  other,  their  movements  are  often  very  complicated. 

14.  In  my  eighteenth  paper,  I  investigated  the  relation  of 
rain-fall  to  hannnetrie  ])ressnre  in  Europe,  as  shown  by  the 
observHti<nis  contained  in  the  International  Bulletin.  A  more 
extensive  comparison  of  ol)servations  has  led  to  conclusions  dif- 
fering but  little  from  those  stated  in  my  former  paper. 

If  we  could  have  similar  observations  of  the  rain-fall  over  all 
paits  of  the  Atlantic  Ocean,  they  would  be  of  great  value  in 
determining  the  influence  of  rain-fall  upon  barometric  pressure. 
As  such  observations  have  never  been  made,  I  liave  sought  for 
tlie   best   available   information   bearing  upon   this   question. 
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This  I  have  derived  from  the  Atlantic  Weather  Charts  from 
Au^.  1,  1882,  to  Sept.  3,  1883,  published  mider  the  authority 
of  the  British  Meteorological  Council.  These  maps  show  for 
each  day  the  region  where  showers  prevailed  and  where  rain 
prevailed.  I  have  selected  all  the  cases  in  which  there  is 
marked  upon  these  maps  a  rain  area  more  than  600  English 
statute  nmes  in  length,  omitting  the  tropical  regions.  The 
number  of  these  cases  is  375.  In  order  to  exhibit  more  clearly 
the  character  of  the  results,  I  have  divided  the  cases  into  seven 
groups.  Group  A  contains  29  cases  in  which  the  center  of  the 
rain  area  coincided  nearly  with  a  center  of  low  pressure ;  group 
B  contains  161  cases  in  which  the  rain  was  associated  with  an 
area  of  low  pressure,  chiefly  on  its  eastern  side ;  ffroup  C  con- 
tains 46  cases  in  which  the  rain  center  was  ahnost  exactly 
north  or  south  of  a  center  of  low  pressure ;  group  D  contains 
54  cases  in  which  the  rain  was  associated  with  an  area  of  low 
pressure  chiefly  on  its  western  side ;  group  E  contains  25  cases 
m  which  the  rain  was  partly  over  an  area  of  low  pressure,  and 
partly  over  an  area  of  high  pressure,  being  about  equally 
divided  between  them  ;  group  F  contains  22  cases  in  whicli  the 
rain-fall  was  accompanied  by  a  barometric  pressure  above  30 
inches,  and  the  rain  area  was  situated  between  two  areas  of 
high  pressure ;  and  group  G  contains  38  cases  in  which  the  rain 
fell  chiefly  over  an  area  of  high  pressure,  and  was  not  distin- 
guished by  the  peculiarity  of  group  F. 

15.  These  great  rain  areas  are  found  in  all  months  of  tlie 
year.  The  distribution  by  seasons  is  as  follows :  Winter,  74 ; 
Spring,  128 ;  Summer,  78 ;  and  Autumn,  78 ;  showing  that 
over  tlie  North  Atlantic  Ocean,  great  rains  occur  most  fre- 
quently in  the  spring  of  the  year,  especially  in  the  month  of 
March. 

These  rain  areas  sometimes  have  very  great  extent,  there 
being  120  cases  in  which  the  rain  area  was  at  least  1000  Eng- 
lish statute  miles  in  length ;  29  cases  in  whicli  it  was  at  least 
1500  miles  in  length ;  8  cases  in  which  it  was  at  least  2000 
miles  in  length ;  and  5  cases  in  which  the  rain  area  was  over 
2500  miles  in  length. 

The  number  of  rain  areas  associated  with  areas  of  low  pres- 
sure, chiefly  on  the  eastern  side  (group  B)  is  161 ;  and  the 
number  chiefly  on  the  western  side  (group  D)  is  54.  The 
former  number  is  three  times  the  latter.  If,  however,  in  this 
comparison  we  include  group  A,  and  consider  half  of  these 
cases  as  situated  on  the  east  side  of  the  low  center,  and  the 
other  half  on  the  west  side,  we  shall  have  on  the  east  side  176 
cases  and  on  the  west  side  68  cases ;  which  numbers  are  in  the 
ratio  of  2*6  to  1. 

16.  Rain,  with  barometric  pressure  somewhat  above  30  inches, 
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is  unexpectedly  prevalent  over  the  Atlantic  Ocean  ;  there  be- 
ing 38  cases  in  which  the  rain  center  was  associated  wiA  a 
pressure  above  30  inches;  17  cases  in  which  the  rain  cent^ 
was  associated  with  a  pressure  above  30*1  inches ;  and  5  cases  in 
which  the  rain  center  was  associated  with  a  pressure  above  30^ 
inches,  the  highest  being  30*4  inches.  Tnere  were  also  25 
cases  (group  E)  in  which  the  rain  was  about  equally  divided 
between  areas  of  high  and  low  pressure.  Similar  cases  some- 
times occur  in  the  United  States,  where  great  rain  areas  fre- 
quently extend  somewhat  beyond  the  isobar  30  inches. 

Two-thirds  of  the  cases  included  in  group  G  were  so  near  tu 
the  Gulf  Stream  that  tliis  stream  may  oe  presumed  to  have  had 
an  important  influence  on  the  rain-fall.  The  live  cases  in  which 
the  rain  center  was  associated  with  a  pressure  exceeding  30*2 
inches  were  all  near  the  Gulf  Stream,  and  appear  to  have  been 
similar  to  cases  in  the  United  States. 

We  see  that  over  the  Atlantic  Ocean  the  air  does  not  always 
descend  from  the  upper  regions  over  every  part  of  an  area  of 
high  pressure.  Over  some  portion  of  an  area  of  high  pressure, 
the  air  fre(|uently  ascends;  and  this  appears  to  tate  place 
when  the  air  contains  an  unusual  amount  of  aqueons  vapor. 

17.  A  comparison  of  the  results  now  obtained  sugge^ 
some  important  conclusions  respecting  the  influence  of  lOcal 
causes  in  modifying  the  relation  of  rain-fall  to  barometric  pres- 
sure. We  have  f oimd  that  in  the  United  States,  east  oi  the 
Rocky  Mountains, — 

1,  South  of  Lat.  3()°,  a  rain-fall  of  2|^  inches  in  8  hours  at 
any  station  occurs  on  the  east  side  of  a  low  area  more  fre- 
quently than  on  the  west  side,  in  the  ratio  of  2*6  to  1. 

^.  ]>  oi-th  of  Lat.  36°,  a  rain-fall  of  2  inches  in  8  hours  at  miv 
station  occurs  on  the  east  side  of  a  low  area  more  frequently 
than  on  the  west  side,  in  the  ratio  of  2*8  to  1. 

3,  A  total  rain-fall  of  9  inches  in  8  hours  at  all  the  stations 
east  of  the  Rocky  Mountains  occurs  on  the  east  side  of  a  low 
area  more  frecjuently  than  on  the  west  side,  in  the  ratio  of  6*2 
to  1. 

^.  Over  the  Xorth  Atlantic  Ocean  great  rain  areas  occur  on 
the  east  side  of  an  area  of  low  pressure  more  frequently  than 
on  the  west  side,  in  the  ratio  of  2*6  to  1. 

5,  In  Europe  a  rain-fall  of  2^  inches  in  24  hours  at  any  station 
occurs  on  the  east  side  of  a  low  area  more  frequently  than  on 
the  west  side,  in  the  ratio  of  2*0  to  1. 

These  results  indicate  that  in  the  United  States  and  Europe, 
as  well  as  over  the  North  Atlantic  Ocean,  great  rain-falls  are 

f generally  associated  with  a  barometric  pressure  somewhat  be- 
ow  the  mean,  and   the   i)recipitation   occurs   chiefly   on  the 
eastern  side  of  a  low  area.     We  notice,  however,  considerable 
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discordances  which  may  be  partly  due  to  the  different  modes 
of  comparison  which  have  been  adopted.  In  iVi>.  1  a  center  of 
low  pressure  was  compared  with  the  station  of  greatest  rain-fall 
when  the  rain-f all  amounted  to  at  least  ^  inches  in  8  hours.  In 
No.  2  a  center  of  low  pressure  was  compared  with  the  station  of 
greatest  rain-fall,  when  the  rain-fall  amounted  to  at  least  2 
inches  in  8  hours.  In  No',  5  a  center  of  low  pressure  was  com- 
pared with  the  station  of  greatest  rain-fall,  when  the  rain-fall 
amounted  to  at  least  ^  inches  in  24  hours.  In  No.  3  a  center 
of  low  pressure  was  compared  with  the  station  of  greatest  rain- 
fall, when  the  total  rain-iall  at  all  the  stations  east  of  the  Rocky 
Mountains  was  unusually  great.  In  No.  -4  the  amount  of  rain- 
fall is  entirely  unknown,  but  the  center  of  a  great  rain  area  was 
compared  with  the  center  of  a  neighboring  area  of  low  pres- 
sure. 

The  principal  discordances  in  the  preceding  results  cannot 
be  ascribed  to  the  different  modes  of  comparison  adopted,  but 
must  be  due  to  some  other  cause.  The  great  excess  of  rain 
centers  on  the  east  side  of  the  low  center  in  No.  3  may  reason- 
ably be  ascribed  to  the  influence  of  the  Atlantic  Ocean  with  its 
Gulf  Stream,  furnishing  an  inexhaustible  supply  of  vapor ;  and 
the  comparatively  small  number  of  rain  centers  on  the  east 
side  of  the  low  center  in  Europe  may  be  ascribed  to  the  influ- 
ence of  the  dry  air  in  the  interior  oi  the  continent. 

18.  The  preceding  results  have  been  derived  from  a  com- 
parison of  rain-falls  of  unusual  magnitude.  It  is  not  safe  to 
conclude  that  the  same  results  would  be  derived  from  a  com- 
parison of  the  aggregate  rain-fall  for  an  entire  year  at  each 
station,  since  small  ram-falls  may  be  subject  to  a  law  somewhat 
different  from  those  of  extraordinary  magnitude.  There  is 
another  mode  of  comparison  which  takes  account  of  the  total 
rain-fall  at  any  station.  Generally  on  the  preceding  side  (which 
is  usually  on  the  eastern  side)  of  a  low  center,  the  barometer  is 
falling,  and  on  the  following  side  (which  is  usually  the  western 
side)  the  barometer  is  rising.  The  mode  of  comparison  con- 
sists in  determining  the  total  amount  of  rain  which  comes  dur- 
ing a  year  with  a  tailing  barometer,  and  also  that  which  comes 
with  a  rising  barometer,  and  finding  the  ratio  of  these  two 
amounts. 

19.  In  my  12th  paper  I  gave  the  results  of  this  mode  of  com- 
parison derived  from  the  best  materials  which  I  was  able  to 
obtain.  More  recently  I  have  extended  the  comparison  to 
Pawlowsk  near  St.  Petersburg ;  to  Brussels  for  an  entire  year ; 
to  Aberdeen  for  two  years ;  and  I  have  included  the  observa- 
tions of  two  years  at  Indianapolis,  Indiana.  These  last  obser- 
vations were  derived  from  the  Signal  Service,  the  rain  being 
xneasured  three  times  a  day.     The  time  of  least  pressure  was 
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determined  from  the  tri-daily  weather  maps,  and  the  rain  wa* 
accordingly  distributed  under  the  two  heaos  of  falling  and  ris- 
ing barometer.  This  method  cannot  give  accurate  results,  but 
may  furnish  useful  information  in  the  absence  of  hourly  obeer- 
vations.  By  grouping  together  those  stations  which  seem  most 
intimately  related,  we  obtain  the  following  results,  showinfi^  the 
ratio  of  tlie  amount  of  precipitation  which  comes  with  a  fdling 
barometer,  compared   with   that  which   comes  with    a  rising 

barometer. 

Indianapolis,  Ind.,      ratio,  1*32  to  1 

Philadelphia,  Penn.,      **  2*88  to  1 

Seven  British  stations,  **  2*08  to  1 

Paris  and  Brussels,         '*  1*19  to  1 

Pawlowsk,  Russia,         **  1-06  to  1 

Prague  and  Vienna,       **  0*80  to  1 

20.  These  results  exliibit  a  remarkable  accordance,  and  indi- 
cate the  operation  of  a  general  cause.  They  are  similar  to 
those  previously  stated,  but  are  much  more  definite.  At  Phila- 
delphia tlie  amount  of  rain  which  falls  while  the  barometer  is 
descending  is  nearly  three  times  as  great  as  that  which  falls 
while  the  oarometer  is  rising ;  and  during  the  six  colder  months 
of  the  year,  the  rain-fdll  in  the  former  case  is  nearly  five  times 
as  great  as  in  the  latter  case.  In  summer,  thunder  showers 
frequently  occur  with  an  abundant  fall  of  rain  accompanied  by 
a  slight  rise  of  the  barometer,  and  at  such  times  there  is  more 
rain  with  a  rising  than  with  a  falling  barometer.  The  entire 
Atlantic  coast  of  the  United  States,  ^orth  of  Lat.  36^,  exhibits 
results  similar  to  those  found  for  Philadelphia. 

As  we  proceed  westward  from  the  Atlantic  coast,  the  ratio 
of  the  precipitation  when  the  barometer  is  falling,  compared 
with  that  when  the  barometer  is  rising,  changes  somewhat 
rapidly,  and  before  we  reach  the  Mississippi  River  the  ratio  is 
reduced  to  1*32.  These  results  indicate  tnat  the  great  excess  of 
rain  on  the  eastern  side  of  areas  of  low  pressure  near  the  At- 
lantic coast  is  due  to  the  fact  that  on  the  eastern  side  they 
have  the  Gulf  Stream,  which  furnishes  an  inexhaustible  supply 
of  vapor. 

In  Great  Britain  the  amount  of  rain  with  a  falling  barometer 
is  twice  that  with  a  rising  barometer ;  but  as  we  proceed  east- 
ward this  ratio  diminishes  rapidly,  and  in  Central  Europe  the 
precipitation  is  greater  when  the  barometer  is  rising,  than  when 
the  barometer  is  falling.  This  result  is  due  to  the  fact  that 
in  Central  Euro])e,  areas  of  low  pressure  have  a  comparatively 
dry  air  on  their  eastern  side,  and  there  is  a  more  liberal  supply 
of  vapor  on  the  western  than  on  the  eastern  side.  Hence  we 
conclude  that  the  amount  of  rain-fall  oi^  the  eastern  side  of  an 
area  of  low  pressure  depends  largely  upon  the  direction  and 
distance  of  the  principal  supply  of  aqueous  vapor. 
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Art.  XXVIII. — The  Sensitive  Fl^me  as  a  meatus  of  Research  ; 

by  W.  LeCojmte  Stevens. 

A  LITTLE  over  thirty  years  ago  the  discovery  was  published 
in  this  Journal*  that  under  certain  conditions  a  naked  flame  of 
illuminating  gas  may  become  sensitive  to  sonorous  vibrations. 
Kine  years  elapsed  before  any  development  grew  out  of  this 
acquisition  to  science.  In  1867,  Mr.  W.  F.  Barrett,  who  was  at 
that  time  an  assistant  in  the  laboratory  of  the  Royal  Institution, 

Sublished  his  independent  discovery  of  the  sensitiveness  of 
ame ;  and  the  use  of  the  manometric  flame,  in  the  hands  of 
Rudolph  Koenig,  was  subsequently  developed  with  great  skill 
for  the  analysis  of  compound  tones.  The  use  of  Professor 
Barrett's  flame  has  become  widely  known,  especially  through 
the  familiar  volume  of  lectures  on  Sound  by  Professor  Tynddl. 
Govi  in  Italy,  Barry  in  England,  and  Geyer  in  America  inde- 
pendently discovered  the  method  of  securing  a  sensitive  flame, 
with  no  pressure  higher  than  that  of  the  ordinary  street  mains, 
by  causing  air  to  mingle  with  the  gas  after  it  issues  from  the 
nozzle,  and  allowing  the  mixture  to  burn  after  passing  through 
wire  gauze  While  this  flame  may  be  made  exquisitely  sensi- 
tive, it  is  not  so  convenient  in  practice  as  the  high  pressure 
flame  of  Professor  Barrett.  It  is  well  known  that  these  flames 
are  usually  sensitive  only  to  sounds  of  high  pitch,  and  through 
a  limited  range  of  pitch,  this  range  becoming  generally  narrower 
with  increase  of  sensitiveness.  During  the  last  few  years  Lord 
Rayleigh  has  used  the  sensitive  flame  with  signal  success  in 
studying  certain  analogies  between  sound  and  light.  His  inter- 
esting lecture  on  "  Dinraction  of  Sound,"  delivered  a  little  over 
a  year  ago  before  the  Royal  Institution,f  served  as  my  starting 
point ;  and  I  am  further  indebted  to  him  for  special  instruc- 
tions without  which  I  should  perhaps  not  have  succeeded  in 
performing  satisfactorily  all  the  experiments  mentioned  in  his 
lecture.  As  this  lecture  has  not  thus  far  been  r^-published  in 
America,  a  brief  resume  of  it  may  possibly  be  acceptable. 

Waves  of  light  are  so  short  that  special  precautions  are 
needed  to  exhibit  the  phenomena  of  diffraction.  Light  ema- 
nating from  a  point  and  interrupted  by  an  obstacle  produces  a 
shadow  that  may  be  regarded  for  all  practical  purposes  as  geo- 
metria  Waves  of  audible  soimd,  on  the  contrary,  are  so  long 
that  when  an  obstacle  is  interposed  the  effect  of  diffraction 
masks  that  of  radial  propagation,  and  hence  it  is  not  usually 

*0n  the  influence  of  Musical  Sounds  upon  the  Flame  of  a  jet  of  Coal-gas.    By 
John  LeConte.    This  Journal,  January,  1858. 
t  Proceedings  of  the  Royal  Institution  of  Great  Britain,  Jan.  20,  1888. 
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easy  to  make  a  sound  shadow  manifest.  The  difficulty  m 
sound  is  not  to  produce  diffraction  but  rather  to  limit  it 
by  using  tlie  sliortest  wave-lengths  possible.  The  pitch  em- 
ployed by  Lord  Rayleigh  was  more  than  20,000  vibrations  per 
second,  corresponding  to  a  wave-length  of  less  than  two-thiidB 
of  an  inch.  To  measure  this  the  waves  are  reflected  from  a 
surface  arranged  vertically  across  the  direction  of  proj^gation, 
thus  producing  interference  with  the  direct  waves.  The  posi- 
tion of  the  nodes  and  ventral  segments  is  determined  by  mov- 
ing the  reflector  toward  or  from  a  sensitive  flame  interpo^ 
between  it  and  the  source  of  sound.  The  flame  flares  in  a  ven- 
tral segment  and  bums  quietly  at  a  node.  The  distance  be- 
tween two  points  of  quiescence  is  a  half  wave-length,  from 
which  tlie  pitch  is  readily  computed.  Knowing  the  wave- 
length, if  this  be  small  in  comparison  with  the  diameter  of  an 
obstacle  such  as  a  disk,  it  is  possible  to  calculate  the  deflection 
necessary  for  the  meeting  of  secondary  waves  behind  it,  from  its  i 
opposite  edges,  in  order  to  produce  a  maximum  or  minimum  I 
of  intensity.  In  this  way,  as  much  as  eight  or  nine  years  ago. 
Lord  Ilayleigh  repeated  acoustically  the  celebrated  experiment 
suggested  by  Poisson  to  Fresnel,  and  first  performed  by  ^\jago, 
by  which  a  bright  point  was  found  at  the  middle  of  the  shadow 
of  a  small  disk.  Applying  the  formula  for  Hnygens's  zones,  an 
acoustic  diffraction  grating  was  made  by  which  sound  was  eon- 
verged  to  a  focus,  as  if  by  a  lens,  the  flaring  of  the  flame  at 
this  focus  being  very  violent.  Around  it,  according  to  tbeorr, 
there  should  be  seveial  successive  rings  of  motion  and  qui- 
escence, or,  in  other  words,  of  noise  and  silence.  The  lirst 
ring  of  noise,  and  the  rings  of  silence  that  precede  and  follow 
it,  are  detected  without  difficulty  by  means  of  the  sensitive 
flame. 

All  of  these  experiments  by  Lord  Rayleigh  have  been  re 
peated  by  me.  The  source  of  sound  used  is  Gallon's  adjust- 
able whistle,  through  which  a  blast  is  sent  from  a  cylinder  of 
compressed  air  or  oxygen.  The  sensitive  flame  is  fed  from  a 
similar  cylinder  of  cm  impressed  coal  gas,  the  pressure  of  the 
supply  being  carefully  regulated  in  each  case  by  means  of  a 
water  man* )ijieter  gauge.  The  whistle  is  capable  of  giving  a 
pitch  as  high  as  1S,()00  or  20,000,  but  as  this  limit  is  approached 
the  intensity  becomes  too  much  diminished,  and  practically  the 
best  pitch  it  yields  is  about  13,000  vibrations  per  second.  Lord 
Rayleigh's  whistle  is  slightly  different  in  construction,  and 
proba])ly  better  tljan  the  Galton  whistle.  But  there  is  no 
difticulty  in  attaining  good  results  with  this  pitch.  The  great- 
est practical  difticulty  is  that  of  keeping  the  sensitiveness  of 
the  flame  exactly  right,  the  slightest  variation  of  pressure 
making  it  inconstant,  and  causing  it  to  give  misleading  indica- 
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tions  when  the  attempt  is  made  to  apply  it  to  purposes  of 
measurement 

I  have  attempted  by  means  of  the  whistle  and  flame  to 
verify  acoustically  the  experiment  in  light  first  performed  by 
Grimaldi  and  analyzed  by  Dr.  Thomas  Younff,  that  of  produc- 
ing diffraction  bands  by  transmitting  waves  m  the  same  phase 
through  two  small  openings,  and  exploring  the  air  with  the 
sensitive  flame  for  the  hyperbolic  lines  of  maximum  and  mini- 
mum motion.  The  whistle,  giving  forth  waves  1*05  inch  in 
length,  was  placed  34  inches  from  the  screen  of  cardboard, 
whose  width  was  two  feet.  Near  the  middle  of  this  were  cut 
two  vertical  slits,  3  inches  apart,  and  each  J  inch  wide.  The 
position  required  by  theory  lor  the  hyperbolic  bands  was  deter- 
mined, the  screen  being  at  right  angles  to  the  direction  of  the 
whistle  from  its  middle  point  The  middle  line  of  maximum 
motion  behind  the  screen  was  detected  without  diflSculty.  It 
was  discontinuous,  as  might  be  expected  when  the  wave  length 
is  so  considerable  in  comparison  with  the  distance  between  the 
apertures.  The  nearest  nyperbolas  on  the  two  sides  of  this 
were  found  in  their  right  position,  and  traced  back  rather 
more  than  a  foot  from  the  screen,  but  they  were  not  so  well 
defined  as  the  middle  line.  The  next  pair  of  hyperbolas  was 
also  found,  but  with  poor  definition.  By  using  slits  a  half  inch 
in  width  results  were  perhaps  a  little  better,  tliough  in  neither 
case  could  any  measurements  approximate  to  exactness. 

Fresnel's  celebrated  experiment  of  producing  interference 
bands  by  reflection  of  light  from  two  mirrors  inclined  at  an 
angle  oi  nearly  180°  was  tried  by  Professor  A.  M.  Mayer  and 
myself  conjointly,  using  sound  waves.  A  large  plate  of  glass 
was  rested  on  the  table,  and  another  plate  inclined  to  it  at  an 
angle  of  152*^,  the  whistle  being  67  inches  from  the  flame,  4 
inches  from  the  inclined  mirror,  and  13  inches  above  the  table. 
Six  interference  bands  were  detected  by  means  of  the  flame, 
their  mean  distance  apart  being  4  inches.  By  subsequent  cal- 
culation this  result  was  found  correct  to  within  a  tenth  of 
an  inch.  An  important  source  of  uncertainty,  however,  in 
this  experiment  arises  from  the  waves  proceeding  directly  from 
whistle  to  flame.  Even  if  a  screen  is  interposed,  enough  space 
has  to  be  left  below  it  to  allow  for  the  passage  of  sound  rays 
reflected  from  the  two  mirrors.  From  the  lower  edge  of  the 
screen,  therefore,  waves  are  diffracted  and  may  interfere  with 
either  or  both  sets  of  waves  reflected  from  the  mirrors.  The 
trouble  from  this  source  caused  the  abandonment  of  this  plan 
of  experiment 

A  modification  of  the  Fresnel  experiment  is  that  of  using 

but  a  single  mirror,  which  may  be  rested  horizontally  on  the 
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tabte,  and  allowing  the  waves  reflected  from  it  to  interfere  with 
those  radiated  directly  from  the  whistla  The  effect  is  obviously 
the  same  as  if  they  proceeded  from  two  sources,  but  interfer- 
ence bands  can  be  produced  on  *only  one  side  of  the  median 
Una  In  the  accompanying  diagram  AM  is  the  plane  of  the 
mirror,  S  the  source  of  sound,  and  S'  the  virtual  source  from 
which  the  reflected  waves  may  be  regarded  as  coming.  Let 
the  nozzle  from  which  the  flame  issues  be  placed  first  at  A  and 
then  lifted  vertically.  The  flame  will  flare  at  the  points  B,  C, 
D,  etc.,  whose  distances  respectively  from  S  and  S'  differ  b? 
an  even  number  of  half  wave-lengths.     Midway  between  A 


and  B,  B  and  C,  etc.,  are  points  of  complete  interference  where 
the  flame  should  burn  quietly.     The  distance  AB  is  approxi- 

AM 

mately  equal  to  -^^-,^.  The  accompanying  table  gives  a  com- 
parison between  the  results  of  theory  and  experiment,  in  which 
the  height  of  the  whistle  above  the  table,  MS,  is  10  inches: 
the  distance  AM  is  36  inches,  and  the  wave  length,  A,  is  lOh 
inch.  The  successive  measurements  are  of  distances  above  the 
table  at  which  the  flame  became  quiescent  The  first  column 
is  calculated  from  the  formula ;  the  others  are  the  records  from 
five  sets  of  experiments. 


Theory. 

1 

I 

II 

III 

IV 

V 

•945 

•J 

1-0 

•9 

10 

1-0 

2-835 

2-8 

2.7 

2-7 

2-8 

2  9 

4-725 

4-7 

4-B 

4-7 

4-9 

4-7 

6G15     ' 

6-7 

6-7 

67 

69 

6-7 

8-505 

8.9 

90 

8-8 

90 

9-1 

10-395 

110 

11-3 

11.0 

n-2 

11-3 

12-285 

13  G 



13-6 

13-6 

The  sensitive  flame  is  not  applicable  for  purposes  of  exact 
measurement,  as  these  experiments  show  ;  but  it  is  much  more 
nearly  so  than  has  been  generally  supposed.  Without  its  aid 
there  would  have  l)cen  no  possibility  of  establishing  these  im- 
portant analogies  between  light  and  sound. 
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Abt.  XXIX. — The  Denver  Tertia/ry  Formation/*   by 

Whitman*  Cross. 

Intboduction. 

It  is  the  desire  of  the  writer  to  present  in  the  following 
article  a  succinct  account  of  a  newly  recognized  Tertiary 
Formation,  which,  while  of  very  limited  geographical  extent, 
yet  possesses  characteristics  of  special  importance  in  several 
directions.  The  points  of  interest  to  be  brought  out  may  be 
grouped  as  follows : 

1.  The  Formation  in  question  occupies  a  portion  of  the  area 
about  the  city  of  Denver,  Colorado,  hitherto  assigned  to  the 
Laramie  Cretaceous. 

2.  The  conglomerates  and  sandstones  of  the  Formation  are 
chiefly  made  up  of  materials  derived  from  a  great  variety  of 
andesitic  lavas  of  whose  outpouring  and  destruction  alike  there 
is  no  other  record  now  known. 

8.  The  celebrated  fossil-plant  beds  of  Table  Mountain,  at 
Golden,  belong  to  the  Denver  Formation, — hence  the  taxo- 
nomic  value  which  has  been  given  to  this  rich  flora  must  be 
considered  subject  to  revision. 

4.  The  vertebrate  remains  are  of  individual  importance  and 
also  present  some  very  remarkable  associations,  which  are 
apparently  in  direct  conflict  with  all  past  observations. 

It  must  be  assumed  in  this  notice  that  the  reader  is  already 
more  or  less  familiar  with  the  geological  structure  of  the  belt 
where  the  stratified  rocks  of  the  Great  Plains  abut  against  the 
Archaean  foothills  of  the  Rocky  Mountains.  Especially  in  Col- 
orado has  this  band  been  repeatedly  studied  and  described  in 
well-known  publications,  by  members  of  the  Hayden  and  of 
other  Government  surveys. 

The  principal  feature  of  the  region  in  question  is  a  sharp 
folding  of  the  sedimentary  rocks,  in  general  parallel  to  the  line 
of  contact  with  the  Archaean,  so  that  the  larger  streams  issuing 
from  the  mountains  expose  in  their  banks  more  or  less  exten- 
sive sections  of  vertical  or  of  steeply  dipping  strata,  which 
soon  assume  a  horizontal  position  unaer  the  plains. 

At  Golden,  twelve  miles  due  west  of  Denver,  the  section  is, 
from  local  causes,  exceptionally  thin,  so  that  the  horizontal 
beds  of  Table  Mountain,  protected  by  a  basalt  sheet,  apiproach 
to  within  four  thousand  leet  of  the  Archaean  foothills.  Mid- 
way in  this  interval  stand  the  vertical  coal  beds  at  the  base  of 

*  Published  with  the  permission  of  the  Director  of  the   U.  S.  Geological 
Survey. 
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what  is  now  commonly  called  the  Laramie  Group.  Nnmerons 
foBsil  leaves  have  been  obtained  in  these  vertical  coal-measiire 
rocks,  but  they  have  been  found  much  more  abundantly  in  the 
horizontal  strata  of  Table  Mountain,  and  although  the  inter- 
vening space  is  largely  obscured  by  surface  deposits,  the  plants 
of  the  two  horizons  have  always  been  treated  collectively,  by 
both  geologists  and  palseontologists,  as  coming  from  a  single 
Formation,  however  that  may  have  been  designated.  AmoDg 
those  who  have  described  the  vicinity  of  Golden,  with  more  or 
less  detail  concerning  the  strata  under  consideration,  may  be 
mentioned  :  John  L.  LeConte,  F.  V.  Hayden,  Leo  Lesquereux, 
A.  R.  Marvine,  C.  A.  White,  and  Lester  F.  Ward.* 

In  the  summer  of  1881  the  writer  first  observed  that  the 
Table  Mountain  strata  possessed  characteristics  proving  them 
to  belong  to  a  series  distinct  from  the  normal  Laramie.  In  the 
course  of  the  field-work  preliminary  to  a  report  upon  the 
geology  of  the  Denver  Coal  Basin,  under  the  direction  of  Mr. 
S.  F.  Emmons,  of  the  U.  S.  Geological  Survey,  it  was  found 
that  the  beds  of  Table  Mountain  belonged  to  a  series  occupy- 
ing a  Tertiary  basin  extending  eastward  underneath  and  beyood 
the  city  of  Denver, — whence  the  name  here  applied.  It  was 
further  shown,  by  Mr.  George  H.  Eldridge,  my  colleague  in 
this  work,  that  there  existed  another  distinct  Tertiary  Forma- 
tion between  the  Denver  and  the  Laramie,  provisionally  called 
by  him  the  *'  Willow  Creek  beds."  Mr.  Eldridge  has  more- 
over identified  this  lower  Tertiary  Formation  even  at  Golden, 
in  the  gap  between  the  coal  beds  and  Table  Mountain. 

This  article  can  only  treat  of  the  more  important  facts  pecu- 
liar to,  or  best  exhibited  by,  the  beds  in  question,  and 
broader  or  more  local  relationships  must  be  left  for  the  final 
report. 

A  preliminary  statement  of  the  most  important  results  of  this 
investigation  was  made  in  two  papers  read  before  the  Colorado 
Scientific  Society,  July  2,  1888,  by  Mr.  Eldridge  and  the 
writer.  Aside  from  the  identification  of  the  two  Tertiary 
Formations,  many  important  observations  were  made  by  Mr. 

*  J.  L.  LeConte. — "  Notes  on  the  Geology  of  the  Survey  for  the  extensioD  of 
the  Union  Pacific  Railway,  from  Smoky  Hill  River,  Kansas,  to  the  Rio  Grande." 
Phila.,  1868,  p.  51.  F.  V.  Hayden.— Second  Annual  Report,  U.  S.  G.  k  G.  S., 
1868,  p.  135;  Third  Annual  Report  U.  S.  G.  &  G.  S.,  1869.  p.  35;  Bulletin  4, 
Second  Series,  U.  S.  G.  &  G.  S.,  p.  215 ;  Sixth  Annual  Report,  U.  S.  G.  &  G.  S., 
1872,  p.  328.  Leo  Lesquereux. — Monographs  of  the  U.  S.  G.  k  G.  S.,  vol.  vii, 
"The  Tertiary  Flora,"  1878;  vol.  viii.  "The  Cretaceous  and  Tertiary  Floras," 
1883.  A.  R.  Marvine. — Seventh  Annual  Report,  U.  S.  G.  k  G.  S.,  1873,  pp.  109, 
130.  C.  A.  White.— Eleventh  Annual  Report,  U.  S.  G.  &  G.  S.,  1877,  p.  192. 
L.  F.  Ward. — "  Synopsis  of  the  Flora  of  the  Laramie  Group."  Extract  from  the 
Sixth  Annual  Report  of  the  Director,  U.  S.  Geological  Survey,  Wash.,  1886,  p. 
537.  "Types  of  the  Laramie  Flora."  Bulletin  37,  U.S.  Qeological  Survey. 
Wash.,  1887. 
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Eldridge  in  etadjing  the  older  groaps.  These  two  papers 
were  published  in  full  in  the  "  Mining  Industry  "  of  Denver, 
July  13,  20,  27  and  Anffust  3  and  10,  1888.  l^e  monograph 
on  the  Denver  Coal  feain,  by  Mr.  S.  F.  Eminone,  is  now  in 
preparation. 
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I.     Description  of  the  Formation, 

TAe  area  occupied. — By  reference  to  the  accompanying  map 
the  surface  distribution  of  the  Denver  beds  may  be  readily 
seen.  Upon  that  map  the  eastern  limit  of  the  Archaean  roclra 
marks  the  line  of  the  foot-hilla  In  the  narrow  zone  between 
the  Archsean  and  the  Denver  area  are  the  upturaed  strata  of 
the  Trias,  Jura,  Cretaceous,  and  tlie  Willow  Creek  Tertiary. 

The  area  of  Denver  beds  represented  is  somewhat  lees  than 
400  square  miles.  Its  western  boundary  is  determined  by  the 
upturning  of  the  strata  along  the  great  fold  and  by  the  subse- 
qnent  erosion.  On  the  north  and  northeast  the  line  apparently 
expresses  the  original  limitations  of  the  basin  at  this  level.  To 
the  south  and  southeast  the  Denver  beds  disappear  under  the 
horizontal  strata  of  the  Monument  Creek  Tertiary,  which  are 
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unconformable  with  all  earlier  deposits.  What  the  extent  of 
the  Denver  beds  may  be  in  this  direction  is  now  unknowD,  btrt 
it  is  probably  not  great,  for  the  larger  part  of  the  Formation 
was  destroyed  prior  to  the  deposition  of  the  Monnment 
Creek. 

The  important  exposures. — The  only  strata  belonging  to  the 
Denver  beds  which  are  particularly  mentioned  by  earlier 
investigators  are. in  Table  Mountain,  at  Golden,  and  wnile  theee 
are  truly  typical  of  the  Formation  their  stratigraphical  rela 
tions  are  there  certainly  obscure.  In  the  course  of  the  present 
work  hundreds  of  out-crops  were  studied,  scattered  over  the 
entire  area,  in  the  banks  oi  streams,  of  ditches,  and  in  numer- 
ous railroad  cuttings.  The  outcrop  of  the  plains  must,  how- 
ever, be  interpreted  in  the  light  of  the  more  extensive  expos- 
ures of  Table  and  Green  Mountains.  In  South  Table  Moun 
tain  the  lower  third  of  the  series  is  best  shown,  while  one  must 
go  to  the  neighboring  Green  Mountain  for  all  the  higher  strata 
and  for  a  clear  exhibition  of  the  stratigraphical  relations  of  the 
whole. 

Green  Mountain  lies  upon  the  western  border  of  the  plains, 
midway  between  Golden  and  Morrison  (see  map),  and  is  so 
related  to  the  great  fold  that  the  strata  at  its  western  base  are 
in  vertical  position  while  those  of  the  summit  are  horizontal 
and  upon  the  slope  between  these  points  the  fold  thus  indicated 
is  clearly  shown.  The  "  mountain  "  is  a  bald  massive  hill,  of 
smooth  and  gentle  slopes,  rising  1000  feet  above  the  eastern 
base,  with  long  rounded  ridges  on  all  side  but  the  west.  Prob- 
ably the  absence  of  projecting  outcrops  explains  why  it  has  re- 
ceived so  little  attention  from  those  who  have  repeatedly  visited 
Table  Mountain. 

On  the  western  face  of  Green  Mountain,  opposite  the  sum- 
mit, upon  a  minor  ridge  and  in  a  small  ravine  below  it,  is  a 
practically  continuous  outcrop  extending  from  near  the  sum- 
mit down  to  the  base  of  the  steeper  slope.  Owing  to  the  fold, 
mentioned  above,  900  feet  of  strata  are  here  exposed  in  a  verti 
cal  distance  of  500  feet.  These  900  feet  of  l)enver  beds  an 
not  elsewhere  preserved.  At  the  bottom  of  this  section  is  a 
very  marked  dark  conglomerate  dipping  45°  eastward.  The 
500  feet  of  iine-grainea  Denver  strata  below  this  conglomerate 
are  but  poorly  exposed  near  Green  Mountain.  They  occupy  a 
narrow  band  between  a  definite  horizon  of  the  WiDow  Creek 
beds  and  the  dark  conglomerate  at  the  base  of  the  described 
outcrop. 

A  second  outcrop  of  great  importance  is  at  the  southwestern 
base  of  Green  Mountain,  where  a  ravine  cuts  diagonally  across 
vertical  strata,  giving  a  continuous  section  from  the  base  of  the 
Denver  beds,  ^vllich  is  clearly  shown,  down  through  the  entire 
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thickness  of  the  Willow  Creek  and  Laramie  Formations,  end- 
ing with  the  coal-bearing  basal  sandstone  of  the  latter.  From 
this  ravine  the  coal  horizon  and  the  characteristic  conglomerate 
of  the  Willow  Creek  beds  may  be  traced  far  in  either  direction. 

These  two  important  outcrops  do  not  seem  to  have  been  seen 
hj  any  of  those  persons  who  have  previously  described  this 
district,  yet  they  contain  the  keys  to  the  stratigraphy,  without 
which  the  latter  cannot  be  correctly  interpreted. 

The  numerous  outcrops  of  South  Table  Mountain,  which  do 
not  need  to  be  specified,  supplement  those  of  Green  Mountain 
to  a  great  degree.  Here  the  peculiar  constitution  of  the  Den- 
ver beds  may  be  conveniently  studied  in  detail,  though  the 
well-preserved  fossil  leaves  which  they  contain  have  hitherto 
received  exclusive  attention. 

Clear  Creek  has  not  cut  ouite  deep  enoiigh  at  Golden  to  re- 
veal the  actual  base  of  the  Denver  beds.  This  horizon  there- 
fore continues  westward  from  Table  Mountain  until  brought 
to  the  surface  by  the  great  fold.  It  is  only  clearly  shown  at  a 
point  west  of  the  State  Reform  School,  in  an  old  railroad  cut- 
ting which  also  discloses  the  Willow  Creek  conglomerate. 

Mechanical  constitution. — The  section  of  the  Denver  strata 
consists  of  two  very  distinct  parts,  both  as  regards  texture  and 
composition.  By  careful  measurements  projected  upon  a  pro- 
file line  surveyed  across  Green  Mountain,  the  total  thickness  of 
Denver  beds  there  represented  is  estimated  to  be  1440  feet. 
Of  this  series  the  upper  625  feet  are  mainly  made  up  of  very 
<;oarse  conglomerates  while  the  lower  916  feet  are  as  a  rule  fine- 
grained strata.  The  coarse  conglomerates  and  the  upper  half 
of  the  finer-grained  beds  are  preserved  only  in  Green  Moun- 
tain. 

A  detailed  section  of  the  Denver  beds  is  of  little  general 
value  because  variability  in  make-up  is  the  preeminent  charac- 
teristic of  the  finer-grained  division.  Yellowish  brown  friable 
sandstones  prevail,  with  all  manner  of  gradations  into  clays  or 
into  conglomerates.  The  transitions  appear  both  laterally  and 
vertically  so  that  it  becomes  difficult  or  even  impossible  to 
closely  correlate  strata  of  isolated  exposures  occurring  at  the 
same  general  horizon.  The  conglomerates  of  the  lower  divi- 
sion are  especially  liable  to  variation,  and  few  of  them  appear 
to  have  more  than  a  local  development,  yet  they  are  prominent 
features  of  almost  any  extensive  outcrop.  Few  pebbles  in  these 
conglomerates  exceed  three  inches  in  diameter.  Cross-bedding 
and  local  unconformity  between  beds  of  sharply  differing  con- 
stitution are  further  features  of  common  occurrence. 

The  heavy  conglomerates  of  the  upper  division  will  be  re- 
ferred to  later  on. 

Materials  of  the  Denver  strata. — The  peculiar  composition 
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of  the  Denver  beds  was  first  observed  in  the  dark  conglomer- 
ates of  Table  Mountain,  which  contain  only  pebbles  of  ande- 
sitic  rocks,  some  porous  and  some  compact.  The  sandy  matrix 
is  merely  finer  material  of  the  same  cnaracter  and  the  cement- 
ing substance  is  usually  some  zeolite  (heulandite,  stilbite,  chab- 
azite,  etc)  or  yellow  calcite.  Microscopical  examination  of 
the  sands  and  of  the  sand  grains  in  the  clays  reveals  only  par- 
ticles which,  so  far  as  they  can  be  identified,  are  like  the  con- 
stituents of  the  andesites  seen  in  pebbles.  Au^te  CTains  or 
rough  crystals  containing  glass-inclusions  and  other  cnaracter 
istic  interpositions ;  plagioclase,  hornblende  and  biotite,  with 
the  peculiarities  noticed  in  these  minerals  as  components  of  the 
andesites ;  dull  reddish  brown  grains  with  imbedded  crystak 
which  clearly  represent  particles  of  the  andesite  rocks  more 
or  less  decomposed, — all  these  are  found,  the  only  recognizaVt 
mineral  constituents  of  Table  Mountain  sandstones  and  day*. 

At  the  base  of  the  main  Green  Mountain  exposure  which 
has  been  mentioned  is  a  dark  conglomerate,  about  25  feet  in 
thickness,  dipping  45°  eastward.  This  bed  is  probably  at  the 
horizon — also  exhibiting  a  marked  conglomerate — a  lew  feet 
below  the  basalt  cap  of  Table  Mountain.  While  tracing  cot 
and  studying  this  horizon  in  Green  Mountain  three  Archsean  peb- 
bles were  seen, — all  others  being  eruptive  and  apparently  all 
andesites.  The  average  diameter  of  the  pebbles  in  this  bed  b 
from  two  to  three  inches. 

Above  this  conglomerate  appear  again  fine  grained  sands  and 
clays  in  an  estimated  thickness  of  285  feet,  in  which  there  is 
no  strongly  developed  pebble  bed,  though  sand  layers  greatly 
predominate  over  clays.  This  series  is  like  the  lower  ore, 
almost  exclusively  made  up  of  andesitic  debria 

The  tine-grained  sediments  are  abruptly  succeeded  by  a 
series  of  very  coarse  conglomerates  or  bowlder  beds  of  an  esti- 
mated thickness  of  525  feet.  In  the  first  of  these  coarser  beds 
the  pebbles  range  in  size  from  a  diameter  of  two  feet  down- 
ward, and  while  eruptive  rocks  largely  predominate  there  are 
many  of  granite  or  of  gneiss  and  a  few  of  red  and  white  sand- 
stone. The  gravelly  matrix  is  largely  made  up  of  angular 
quartz  and  feldspar  grains.  A  return  to  fine-grained  sediments 
is  quickly  followed  by  i)owlder  beds  which  continue  to  the  top 
of  Green  Mountain,  the  average  size  of  the  bowlders  gradually 
increasing  upward  in  the  series  while  the  amount  of  eruptive 
material  rapidly  decreases  and  becomes  at  last  quite  subordin 
ate.  Bowlders  of  various  sedimentary  rocks  are  numerous  in 
these  beds,  the  characteristic  Dakota  conglomerate  being  per 
haps  most  prominent  among  them. 

The  Denver  strata  of  tlie  plains  belong  to  horizons  repre- 
sented in  Table  Mountain,  i.  e.,  to  the  lower  third  of  the  For- 
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mation.  A  study  of  numerous  exposures  shows  that  the  remark- 
able freedom  from  non-eruptive  materials  characterizing  the 
Table  Mountain  beds  does  not  strictly  hold  for  these  equivalent 
strata.  Along  the  Platte  River  and  to  the  eastward  one  can 
generally  detect  a  small  amount  of  quartz  or  of  red  feldspar 
(microcUne)  in  the  more  sandy  Denver  beds,  though  these  sub- 
stances are  lacking  in  many  places,  even  along  Coal  Creek, 
farthest  from  the  foothills.  Quartz  and  red  microcline  are 
taken  as  representing  Archsean  rocks,  directly  or  indirectly 
They  become  prominent  in  the  Denver  beds  of  the  plains  area 
only  locally  and  under  circumstances  which  will  be  considered 
in  another  part  of  this  article.  As  a  result  of  their  composi- 
tion the  finer-grained  Denver  rocks  are  easily  recognizable 
when  one  is  at  all  familiar  with  them.  They  possess  a  dull 
reddish  brown  color,  and  while  friable  and  crumbling  they  re- 
sist degrading  agencies  in  a  manner  peculiar  to  them.  This 
is  due  to  the  admixture  of  clay  with  most  sands,  and  to  the 
•  development  of  a  zeolitic  cementing  substance  derived  from 
the  andesite.  Tests  show  that  as  hiSi  as  60  per  cent  of  some 
sandy  strata  are  soluble  in  hydrochloric  acid  with  production 
of  gelatinous  silica. 

dossils. — The  *fo8sil  flora  of  Table  Mountain  has  been  re- 
ferred to.  It  is  one  of  the  richest  yet  discovered  and  has  been 
very  fully  described.  As  one  of  the  earliest  discoveries  in  the 
west  it  hafi  been  an  important  element  in  discussing  the  floras 
found  more  recently  in  other  formations.  During  the  present 
work  fossil  plants  were  observed  in  many  places  and  some  col- 
lections were  made,  but  so  far  few  species  have  been  found  which 
were  not  already  known  in  Table  Mountain.  Good  localities 
might  be  developed  in  various  places  over  the  entire  field. 

A  very  few  invertebrate  fossils  have  been  found  in  plant- 
bearing  Denver  beds,  but  they  are  not  of  much  determinative 
value. 

By  far  the  most  important,  as  well  as  the  most  interesting 
fossils  of  the  Denver  beds  are  the  large  bones  found  in  severd 
places,  which  are  provisionally  referred  by  Prof.  O.  C.  Marsh 
to  various  Cretaceous  types  of  the  Dinosauria.  A  single 
fossil  from  the  west  bank  of  the  Platte  River,  near  Denver, 
has  been  described  by  Prof.  Marsh  as  a  new  species  of  Biaon^ 
and  a  probable  Pliocene  age  ascribed  to  the  beds  containing  it. 

A  consideration  of  the  evidence  afforded  by  these  various 
groups  of  fossils  as  bearing  upon  the  age  of  the  Denver  For- 
mation shows  that  these  different  elements  are  in  confiict  with 
each  other  and  with  the  stratigraphy.  This  fact  renders  nec- 
essary an  examination  as  to  the  relative  values  to  be  given  to 
these  conflicting  evidences.  Some  results  of  this  examination 
will  be  given  in  the  succeeding  sections  of  this  article. 
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II.    The  Age  of  the  Denver  Formation. 

Having  given  a  description  of  the  Denver  beds  and  of  their 
occurrence,  there  arises  tne  problem  as  to  their  geological  age, 
— a  problem  involving  in  its  own  solution  that  oi  several  others 
of  far  greater  importance.  The  evidences  to  be  given  touch- 
ing the  age  of  these  beds  are  very  conflicting  ana  are  plainly 
not  to  be  brought  into  harmony  until  certain  elements  of  that 
evidence  have  been  subjected  to  renewed  examination  by  com- 
petent hands.  It  is  hoped  that  the  necessity  for  this  reviBion 
will  be  plain  from  the  following  discussion. 

There  are  certain  facts  of  primary  importance  which  have 
been  brought  out  during  this  investigation,  and  these  facts 
must  be  regarded  in  all  future  discussions.  From  these  facts 
certain  apparently  logical  deductions  may  be  drawn,  which 
should  be  accepted  unless  the  logic  is  proven  faulty. 

a.  Stratigraphical  evidence. 

The  Denver  beds  lie  between  two  distinct  Formations  and 
the  relations  to  each  are  definitely  known.  The  upper  Forma- 
tion is  of  recognized  Tertiary  s^, — the  Monument  Creek ;  the 
lower  is  the  newly  recognized  Willow  Creek  Formation,  which 
will  be  briefly  described  by  some  extracts  from  the  article  b? 
Mr.  Eldridge,  which  has  already  been  cited. 

Descriptio7i  of  WiUoio  Creek  beds, — "  The  Formation  next 
succeeding  the  Laramie  in  geological  order  and  unconformable 
resting  upon  it  is  the  lower  of  the  three  Tertiaries  that  occnr 
in  the  Denver  field,  for  which  the  name  "  Willow  Creek"  is 
here  suggested,  from  the  locality  in  the  southern  part  of  the 
field,  from  one  to  three  miles  southeast  of  the  mouth  of  the 
Platte  Canon,  where  it  has  its  greatest  and  most  typical  devel- 
opment. It  is  composed  of  a  basal  member  of  conglomerate 
or  gritty  sandstone,  according  to  its  distance  from  the  foothills, 
with  an  overlying  zone  of  gray,  argillaceous  or  arenaceous 
shales  containing  lenticular  masses  of  hard,  quartzose  sandstone, 
with  an  occasional  ironstone.  Where  confined  between  under- 
and-over-lying  groups,  it  has  a  thickness  varying  between  600 
and  1-200  feet. 

"  The  conglomerate  at  its  base  has  a  thickness  over  the 
greater  portion  of  the  field  of  about  200  feet,  though  this  raaj 
become  the  bulk  of  the  formation,  as  in  its  type  locality,  or 
may  decrease  to  the  merest  edge  as  at  its  northern  limit,  along 
the  Platte  River,  near  Brighton.  It  is  extremely  character- 
istic, containing  as  it  does  pebbles  derived  not  only  from  every 
formation  that  lies  below  it  in  the  Denver  field,  but  also  from 
others  lying  far  beyond,  especially  the  Carboniferous,  of  which 
the  debris  affords  some  excellent  specimens  of  Sea/umonUa^ 
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i  case  parallel  to  that  of  the  occurrence  of  Silurian  pebbles  in 
:.he  Dakota.  Like  the  pebbles  of  the  Dakota,  too,  omj  in  a  far 
greater  degree,  those  of^this  formation  have  undergone  extreme 
silicification.  Jaspers,  agates,  flints  and  silicified  wood  abound, 
stnd  the  debris  of  the  older  groups,  including  the  fossiliferous 
limestone  just  noted,  has  often'  undergone  toe  most  complete 
edteration  m  this  manner.  This  feature,  however,  is  especially 
noticeable  only  in  that  portion  of  the  formation  which,  from 
having  been  laid  down  within  a  comparatively  short  distance 
of  what  was  probably  the  ancient  shore  line,  contains  a  very 
large  amount  of  pebbles  of  the  older  rocks,  and  is  thus  best 
calculated  to  show  any  changes  of  this  kind  that  may  have 
occurred." 

Relation  of  the  Denver  to  the  WiUow  Creek. — The  Denver 
beds  occupy  a  basin  eroded  out  of  the  Willow  Creek,  in  the 
greater  part  of  the  area  now  under  discussion.  There  is  thus 
a  general  non-conformity  between  the  two  deposits,  while  the 
details  of  this  relationship  may  be  seen  in  certain  places. 

Though  the  actual  contact  line  of  the  two  Formations  is  sel- 
dom seen,  owing  to  the  friable  nature  of  the  strata  and  the 
prevalence  of  surface  deposits,  there  is  no  diflSculty  in  assign- 
ing isolated  outcrops  to  the  proper  series,  on  lithological 
grounds  which  have  been  explained.  The  interval  between 
the  Denver  and  Willow  Creek  epochs  will  be  spoken  of  in  a 
succeeding  section. 

Relation  of  the  Denver  to  the  Monument  Creek. — As  has 
been  stated  in  the  descriptive  part,  about  two  thirds  of  the 
known  thickness  of  the  Denver  beds  were  removed  prior  to  the 
deposition  of  the  Monument  Creek  Formation.  There  is, 
moreover,  no  reason  to  suppose  that  the  upper  strata  of  Green 
Mountain  represent  the  actual  top  of  the  Denver  beds,  nor  can 
we  now  determine  the  former  lateral  extent  of  the  Formation. 

Concerning  the  length  of  the  time  interval  between  Denver 
and  Monument  Creek  deposits  we  have  no  data. 

J.  Lithological  evidence. 

The  materials  of  ths  Denver  beds, — It  is  a  fact  of  general 
experience  that  quartz  is  usually  the  most  abundant  mineral  in 
strata  which  are  made  up  of  the  worn  debris  of  older  rocks. 
This  position  comes  to  the  quartz  largely  by  reason  of  its 
superior  hardness  and  the  absence  of  cleavage,  properties  enab- 
ling it  to  resist  attrition  better  than  the  other  common  rock- 
making  minerals.  When  detritus  from  areas  of  the  crystalline 
schists  nas  been  the  chief  element  in  making  up  the  sediments 
of  adjacent  oceans  or  seas,  the  relative  amount  of  quartz  in  the 
strata  formed  will  depend  upon  the  violence  of  the  destructive 


270  W.  Cross — Denver  Tertiary  FormxUian. 

agencies  and  upon  the  rate  and  conditions  of  deposition. 
Abrasion  and  attrition  or  conditions  favoring  chemical  decom- 
position will  destroy  the  accompanying  minerals  more  rapidly 
than  the  quartz  and  will  hence  tend  to  increase  the  proportion 
of  the  latter  in  resulting  sandstones. 

These  generalizations  are  illustrated  in  all  the  groups  of  sed- 
imentary formations  known  at  the  eastern  base  of  the  Moun- 
tains, from  the  Cambrian  up  to  the  Denver  beds.  The  fine 
grained  Dakota  and  Laramie  sandstones  are  almost  exclusively 
made  up  of  quartz.  In  the  Willow  Creek  ffrits  and  sandstones 
appears  a  variety  of  materials  mentioned  by  Mr.  Eldridge  in 
the  statement  already  given. 

In  view  of  the  facts  just  considered  the  sudden  and  almost 
complete  change  in  constitution  which  is  met  with  in  the 
Denver  beds  is  certainly  worth  more  than  a  passing  notice 
Instead  of  minerals  and  rocks  derived  either  directly  or  indi 
rectly  from  Archaean  sources  there  is  found  material  resulting 
from  the  degradation  of  a  great  series  of  eruptive  rocks.  It 
is  a  fact  of  much  significance  too,  that  for  900  feet  of  thick- 
ness the  Denver  beds  are  very  fine  grained,  having  been  slowly 
deposited  under  conditions  which  have  usually  brought  quartz 
into  relative  prominence. 

The  andesites  represented  by  pebbles  and  bowlders  in  the 
Denver  strata  are  of  many  different  types  and  the  name  must 
be  used  in  its  widest  sense  to  cover  them.  Hornblende  or 
aufi^ite-andesites  of  rather  basic  composition  are  the  most  com- 
mon types,  but  more  acid  varieties,  carrying  quartz  or  tridv- 
mite,  with  biotite,  are  numerous,  while  at  the  opposite  extreme 
are  hypersthene-bearing  andesites  of  characteristic  features. 
Only  andesites  have  thus  far  been  identified. 

There  is  a  variation  in  texture  and  structure  shown  by  these 
andesites  which  is  almost  as  marked  as  that  in  composition:— 
some  are  vesicular,  many  are  porphyritic,  and  others  are  com- 
pact and  fine-grained  In  the  development  and  in  the  mutual 
relations  of  the  mineral  constituents  of  these  andesites  one  ac- 
customed to  studying  the  microscopical  physiography  of  erup- 
tive rocks  will  sec  abundant  Pi'oof  of  their  extrasive  character. 
Some  of  the  denser  beds  of  Table  Mountain  seem  composed  of 
volcanic  ashes  or  of  small  angular  grains  belonging  to  a  single 
rock  type.  Such  material  may  be  called  tufa,  but  the  sand- 
stones containing  worn  particles  of  various  kinds  are  larp^ly 
predominant. 

It  has  already  been  stated  that  there  is  some  quartz  in  the 
sandy  strata  of  the  plains  and  that  great  bowlders  of  Archaean 
and  of  sedimentary  rocks  are  found  in  the  upper  division  of  the 
Denver  beds. 

The  sources  of  materials, — The  nature  of  the  rock  and  min- 
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eral  snbstanceB  composing  tLe  Denver  beds  having  been  stated, 
it  remains  to  consider  their  origin  in  order  that  the  full  value 
of  this  evidence  may  be  appreciated.  Attention  is  first  called 
to  the  eruptive  rocks,  as  the  predominant  material. 

The  first  point  in  evidence  is  negative.  There  is  no  known 
source  which  can  he  assigned  with  plausibility  for  any  one  of 
the  many  andesitic  types  represented  in  the  Denver  strata,  No 
andesite  masses  are  Known  in  the  mountainous  area  to  the 
westward  as  far  as  the  continental  divide,  though  it  is  admitted 
that  they  may  exist  in  local  development.  The  more  distant 
andesitic  masses  in  Middle  or  South  Park  cannot  be  considered, 
nor  a  hypothetical  transient  volcanic  vent  in  the  plains  area, 
for  neither  of  these  explanations  can  meet  the  facts  of  observa- 
tion. The  problem  is  a  double  one,  viz :  to  account  for  the 
exclusion  of  the  common  materials  (quartz,  etc.)  simultaneously 
with  the  appearance  of  the  unusual,  and  this  in  a  basin  adjacent 
to  a  mountainous  Archaean  district. 

These  considerations  have  determined  the  form  of  the  solu- 
tion to  be'  offered.  The  andesitic  masses  which  furnished  the 
materials  for  the  lower  part  of  the  Denver  sediments  were  so 
sitiuUed  as  to  effectually  prevent  the  access  of  all  Archaean  a/nd 
sedim^entary  ^[ebris  to  the  lake  of  that  epoch.  That  is  to  say,  in 
the  interval  between  the  Willow  Creek  and  Denver  epochs 
there  was  an  outpouring  of  andesitic  lavas  completely  covering 
the  Archflean  ana  sedimentary  rocks  of  the  area  afterwards  con- 
tiguous to  the  Denver  lake.  When  sedimentation  began  again 
only  eruptive  debris  could  appear  in  the  deposits  until  erosion 
and  general  degradation  had  laid  bare,  here  and  there,  small 
areas  of  granite,  of  gneiss  or  of  sandstone. 

The  Denver  strata  contain  the  record  of  the  destruction  of 
a  great  series  of  allied  lavas.     The  nine  hundred  feet  of  fine- 

f  rained  sediments  represent  a  vastly  greater  amount  of  rock 
estroyed,  and  in  the  series  of  coarse  bowlder  beds  is  evidence 
of  the  practical  completion  of  this  work.  Then  came  a  return 
to  the  surface  conditions  existing  during  the  Willow  Creek 
epoch. 

The  other  materials  of  the  Denver  beds  are  easily  accounted 
for.  In  the  coarse  bowlder  beds  of  Green  Mountain  both 
Arcnaean  and  earlier  sedimentary  rocks  are  very  prominent. 
They  were  undoubtedly  derivea  from  the  adjacent  western 
shore  after  the  andesitic  covering  had  been  worn  through. 

A  different  oriein  is  indicated  for  the  quartz  and  red  feld- 
spar material  in  tne  fine-grained  strata  of  the  plains.  Experi- 
ence shows  these  substances  to  be  very  local  in  development 
and  to  be  most  abundant  adjoining  the  northern  and  southern 
Willow  Creek  shore-lines,  which  were  in  great  degree  made  up 
of  friable  or  soft  grits  and  sandstones.     The  absence  of  the 
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quartz  in  strata  nearest  the  mountainB  shows  that  it  conld  not 
have  come  from  that  direction. 

c.  The  F(m%l  Flora, 

The  Golden  fossil  flora  has  been  fully  described  and  repeat- 
edly discussed  in  its  bearing  upon  the  age  of  the  Laramie  for- 
mation. Inaamuch,  however,  as  some  of  the  plants  came  from 
acknowledged  Laramie  and  others  from  the  Denver  strata  of 
Table  Mountain,  while  all  have  been  uniformly  referred  to  the 
former  group,  through  ignorance  of  the  facts  here  presented, 
it  seems  plain  that  this  fossil  evidence  cannot  be  used  as  a 
whole  in  discussing  the  age  either  of  the  Laramie  or  of  the 
Denver  beds.  An  examination  as  to  the  distribution  of  species 
in  view  of  new  evidence  is  naturally  a  matter  for  the  palseobot- 
anist  to  undertake,  but  it  seems  advisable  to  call  attention  in 
this  place  to  certain  facts  concerning  the  past  discussions  of 
these  fossil  plants  and  to  their  present  condition. 

The  Golden  flora  as  described  by  Lesqvsreux. — By  far  the 
greater  number  of  the  plant  remains  from  Golden  have  been 
described  by  Prof.  Leo  Lesquereux,  originally  in  the  annual 
reports  of  the  Hayden  Survey  and  afterwards  in  revised  form 
in  the  previously  cited  monograph,  "  The  Tertiary  Flora."  A 
few  additional  species  were  described  in  the  later  monograph, 
'*  The  Cretaceous  and  Tertiary  Floras."  In  the  former  work 
95  species  from  Golden  are  described,  and  in  the  latter  8  others, 
making  a  total  of  103  species  and  varieties  from  this  locality. 

In  tlie  following  discussion  two  varieties  of  Ficics  planicos- 
tata  Lx  ,  are  omitted,  as  is  likewise  the  Cycad  species,  Zamio9- 
trohus  mirabilis  Lx.,  the  single  specimen  of  which  is  stated  bj 
Lesquereux  to  have  been  "  found  by  Dr.  F.  V.  Hayden  on  the 
surface  soil  without  connection  to  any  stratum  of  rock."* 
Deducting  these  three  there  remain  just  100  species  of  fossil 
plants  to  be  considered,  hence  many  of  the  numbers  to  be  given 
exi)ress  percentages  of  the  Golden  fossil  flora  as  described  by 
Lesquereux. 

An  examination  of  the  monographs  cited  shows  that  81  spe- 
cies were  originally  described  by  Lesquereux ;  59  species  are 
known  in  the  United  States  only  at  Golden, — 52  of  these  beiiig 
new  species. 

As  to  the  exact  geological  horizons  of  the  species ;  three  percent 
only  are  definitely  stated,  under  the  heading  "Habitat,"  to  come 
from  the  known  coal-measure  sandstones,  while  13  per  cent  are 
said  to  come  from  Table  Mountain.  Through  inciaental  state- 
ments as  to  the  horizon  it  seems  plain  that  9  per  cent  came  from  the 
acknowledged  Laramie  and  16  per  cent  irom  Table  Monntaia 
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strata.  The  writer  cannot  find  any  statements  from  which  the 
lorizons  of  the  remaining  75  per  cent  of  the  Golden  fossil 
>lant8  can  safely  be  assumed.  Forty  new  species  foand  only 
it  Golden  are  not  assigned  to  definite  horizons. 

The  original  specimens  described  by  Lesquereux  have  been 
jent  to  the  U.  S.  National  Museum,  where,  through  the  cour- 
«8y  of  Prof.  Lester  F.  Ward,  Curator-in- charge  of  fossil  plants, 
:hey  have  been  examined  by  the  writer  within  the  past  year. 
The  following  statements  are  made  with  Prof.  Wara's  permis- 
don: 

Onlv  79  species  of  the  Lesquereux  collection  from  Golden 
*xmld  be  found,  the  remainder  being  temporarily  lost  sight  of 
n  the  confusion  naturally  attending  the  rapid  growth  of  the 
Jfnseum  in  such  limited  space.  The  specimens  bear  numbers, 
)ut  there  are  very  few  labels  giving  localities,  and  the  Museum 
^talogue  contains  no  details,  the  locality  "  Golden,  Colorado,'* 
standing  for  all  alike. 

Under  the  circumstances  the  lithological  characteristics  of  the 
natrix  containing  the  fossils  is  the  only  available  means  of  de- 
iermining  the  horizons  from  which  they  were  obtained.  The 
peculiar  yellowish  brown  sandstones  of  Table  Mountain  are 
clearly  distinguishable  from  the  quartzose  sandstone  of  the  coal 
lorizon,  to  anyone  acquainted  with  the  rocks,  and  the  foUow- 
ng  result  of  an  examination  as  to  the  matrix  is  satisfactory  to 
he  writer,  though  it  may  not  be  equally  so  to  others. 

Of  79  species  found,  18  occur  in  what  is  judged  to  be  Lara- 
nie  sandstone  or  shale,  and  59  in  distinct  Denver  beds  of  Table 
fountain,  while  7  occur  in  both  rocks,  and  9  cases  are  in  doubt, 
licsquereux  gives  horizons  for  6  species  which  were  not  found. 
3y  combining  the  two  sources  of  information  we  get  probable 
ndications  of  horizon  for  76  per  cent  of  the  Uolden  fossil 
>IantB ;  22  per  cent  came  from  true  Laramie  strata  and  63  per 
;ent  from  Table  Mountain  beds ;  9  per  cent  occurring  in  both 
ormations.* 

•  After  this  article  was  completed  the  writer  received  a  pamphlet  by  Prof.  Les- 
uereux  entitled: — "Fossil  plants  collected  at  Golden.  Colorado."  (Bulletins, 
ol.  ivi.  Museum  of  Comparative  Zoology  at  Harvard  College,  Dec,  1888.)  This 
•aper  (written  in  1884)  describes  the  Golden  plants  in  the  Museum  at  Cambridge, 
lass.  "They  represent  118  species,  or  vegetable  forms  considered  as  species,  28 
f  which  are  admitted  as  new  species,  ....  and  32  as  new  for  the  Flora  of  the 
^u^mie  Group,  but  known  from  other  localities,  making  therefore  for  that  Flora 
n  addition  of  60  species."  There  is  in  this  paper  no  mention  of  a  definite  hori- 
on  or  of  an  exact  locality  for  a  single  species  beyond  the  statement  that  they 
rere  collected  at  Golden  and  came  from  the  Laramie.  Prof.  Arthur  Lakes  of 
iolden,  who  collected  these  specimens,  has  informed  the  present  writer,  upon 
Qquiry,  that  he  thinks  the  plants  were  all  obt^iiined  from  Table  Mountain  or  Green 
f  contain,  and  that  "  none  of  them  came  from  the  proximity  of  the  lower  Coal 
leasures."  If  this  is  true  all  of  these  sixty  species  belong  to  the  Flora  of  the 
)enyer  Formation,  and  not  to  the  Laramie,  as  far  as  known.  It  is  probable  that 
Qore  than  sixty  of  the  species  from  Grolden,  described  by  Lesquereux  in  the 
'  Tertiary  Flora  "  are  likewise  unknown,  as  yet,  in  true  Laramie  strata. 
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The  work  of  Professor  Ward. — The  only  recent  descriptions 
of  fossil  plants  from  Golden  are  by  Professor  Lester  F.  Wari 
who  visited  Golden  in  the  summer  of  1881,  before  any  ques- 
tion as  to  the  horizon  of  the  Table  Mountain  strata  had  arisen. 
In  the  winter  of  1882-83,  however,  Mr.  S.  F.  Emmons  enb- 
mitted  a  number  of  fossil  plants  from  the  Denver  field  to  Pro- 
fessor Ward,  pointing  out  the  lithologieal  difference  between 
the  strata  of  Table  Mountain  and  those  of  the  Laramie  proper, 
and  stating  that  this  marked  characteristic  was  thought  to  indi- 
cate a  probable  Tertiary  age  for  the  former  rocks.  Professor 
Ward  was  requested  to  examine  these  specimens  as  well  as  his 
own  collections  at  Golden,  with  reference  to  the  possibility  of 
distinguishing  the  two  horizons  by  their  plant  remains.  In 
an  oflicial  letter  to  Mr.  Emmons,  of  date  of  March  5,  18S3, 
Professor  Ward  states  his  inability  from  the  specimens  at  his 
disposal  to  make  any  important  distinctions  between  the  plants 
of  the  two  horizons. 

In  his  "Types  of  the  Laramie  Flora"  (of  date  1887)  Pro- 
fessor Ward  gives  descriptions  (with  figures)  of  but  five  species 
from  this  district.  The  Denver  strata  containing  plants  are 
called  "tufa;"  the  Laramie,  "  white  sandstone;"  but  no  further 
reference  is  made  to  this  distinction.  One  species,  Ficus 
Crossii  Ward,  came  from  the  Laramie  sandstone  just  below 
the  coal  horizon ;  Ficus  spectabilis  was  found  in  Denver  beds 
dipping  30°  eastward,  just  south  of  the  town  of  Gx)ldeii; 
Ficus  irregularis  and  Berchemia  multinervis  came  from  Sooth 
Table  Mountain ;  Cornus  Emmon^i  Ward,  was  found  in  the 
city  of  Denver,  and  is  incorrectly  accredited  to  Golden  bj 
Professor  Ward.  Four  of  the  figured  specimens  are  from 
Denver  beds  and  but  one  from  the  Laramie  proper. 

Professor  Ward's  paper,  "  A  Synopsis*  oi  the  Flora  of  the 
Laramie  Group  "  (1886),  contains  an  elaborate  table  of  distri- 
bution of  Senonian,  Laramie  and  Eocene  plants ;  a  discussion 
of  this  table  ;  and  descriptions  of  new  collections  of  Laramie 
plants.  In  the  table  of  distribution  323  Laramie  species  are 
enumerated.  Of  these,  103  occur  at  Golden,  this  nora  as  de- 
scribed by  Lesquereux  being  inserted  with  a  few  omissions. 

While  describing  his  own  collections,  Professor  Ward  says 
that  "  the  geology  of  Golden  is  very  complicated,"*  and  he  in- 
creases this  complication  by  introducing  a  remarkable  hypothet- 
ical fault,t  between  Table  Mountain  and  the  coal  horizon,  to 
explain  the  proximity  of  horizontal  to  vertical  strata,  in  what 
he  treats  as  a  single  Formation.  Aside  from  the  statement  that 
the  sandstone  of  South  Table  Mountain  is  '*  commonly  called 
tufa  ":j:  Professor  Ward  does  not,  in  either  of  the  publications 

*  "  Synopsis,"  etc.,  p.  537.        f  I^i^-.  P-  538.        J  Ibid.,  p.  638. 
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ited,  hint  at  any  peculiarity  of  the  Table  Mountain  strata,  nor 
loes  he  intimate  in  any  way  that  they  have  been  or  might  be 
egarded  by  any  one  as  belonging  to  a  series  different  from  the 
loal-measure  beds. 

d.  The  Invertebrate  Fossils. 

A  few  invertebrate  fossils  have  been  found  in  the  Denver 
>ed8,  all  of  them  coming  from  a  ravine  by  St.  Luke's  Hospital, 
Sighland  (a  suburb  of  Denver),  where  they  were  found  by 
VI r.  T.  W.  Stanton,  in  association  with  fossil  leaves  and  a  small 
xx)th  of  a  crocodile.  The  shells  were  submitted  to  Dr.  C.  A. 
White,  of  the  XJ.  S.  Geological  Survey,  for  determination,  who 
"eports  as  follows  concerning  them  : 

"  The  invertebrate  fossils  which  have  been  collected  from  the 
Denver  Formation  comprise  five  species.  One  of  them  is  a 
Unio^  and  another  is  a  Physa^  both  too  imperfect  for  specific 
ietermination.  Another  is  apparently  a  Corhicvla.  The  other 
two  I  have  recognized  as  Viviparus  trochiformis  and  Oonio- 
^asts  tenuicarinata^  respectively,  of  Meek  and  Hay  den. 

"If  these  fossils  had  been  submitted  to  me  without  any 
statement  of  correlated  facts.  I  should  have  hardly  hesitated  to 
issign  them  to  the  Laramie  Group,  because  the  two  last  named 
jpecies  are  common  and  widely  distributed  in  that  Group  and 
forms  similar  to  the  other  three  are  common  in  that  Formation 
a,lso. 

"  That  Viviparus  trochiformis  and  Gonidbasis  tenuicarinata 
may  have  survived  from  the  Laramie  epoch  into  that  of  the 
Denver  Formation  is  not  at  all  improbable,  especially  in  view  of 
the  fact  that  I  found  both  those  species  in  Utah  to  have  passed 
ap  from  the  Laramie  into  the  Eocene  Wahsatch  Group. 

'*  The  Unio  and  Physa  are  such  forms  as  one  might  natu- 
rally expect  to  find  in  such  a  deposit  as  is  the  Denver  Forma- 
tion, which  was  presumably  a  purelv  fresh  water  one.  In  such 
i  deposit,  however,  one  would  hardly  expect  to  find  a  Corhi- 
Tiila,  but  I  am  not  aware  of  any  reason  why  we  may  not  as- 
mme  that  one  of  the  many  forms  of  that  genus  which  are 
found  in  the  Laramie  Group  survived  to  the  Denver  epoch  in 
3ompany  with  the  two  species  mentioned. 

*^  In  short,  I  do  not  regard  these  invertebrate  fossils  as  nec- 
essarily presenting  any  evidence  against  your  conclusion  that 
the  Denver  is  a  separate  Formation  from  the  Laramie." 

e.  The  Vertebrate  Fossils. 

A  number  of  isolated  fossil  bones  have  been  found,  both 

In  the  Willow  Creek  and  in  the  Denver  beds.     These  have 
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been  placed  in  the  hands  of  Professor  O.  C.  Marsh  for  iden- 
tification and  description.  .  The  fossils  have  proven  very  inter- 
esting   and    have    raised  a  number  of  important    problems, 
for  the  solution  of  which  the  material  now  available  is  in  mam 
ways  inadequate.     But  there  are  certain  phases  of  these  prob- 
lems which  can  be  discussed  now  as  well  as  at  any  other  time. 
Professor  Marsh  recognizes  among  the  bones  sent  him  vari- 
ous parts  of  the  skeletons  of  turtles,  crocodiles,  dinosaurs,  and 
of  a  bison.     Specific  determinations  have  not  yet  been  made 
except  in  the  case  of  the  bison,  but  the  numerous  dinosanrian 
bones  clearly  indicate  the  presence  of  representatives  of  sev- 
eral types  within  this  order  of  extinct   reptiles.     Until  the 
recent  discovery  of  "a  new  family  of  hornea  Dinosaoria  from 
the  Cretaceous  '  in  Montana,*  Professor  Marsh  was  inclined  to 
assign  some  of  the  bones  from  the  Denver  area  to  types  hith- 
erto known  in  this  country  only  in  the  Jura,  while  other  remains 
seemed  to  belong  to  Cretaceous  forms.     He  now  considerB  it 
probable  that  some  of  the  Dinosaur  bones  collected  by  Mr. 
Eldridge  may  be  referable  to  the  new  family,  the  Ceratopsidaaf 
It  is  plain  that  the  occurrence  of  these  varions  animals  in 
strata  later  than  the  Laramie  introduces  a  very  puzzling  ele 
ment  into  the  discussion,  and  the  first  thing  is  to  prove  that 
they  actually  belong  to  the  formation  in  question.     The  extinc- 
tion of  the  Dinosauria  in  the  Cretaceous  period  has  been  a  doc- 
trine seldom  questioned  by  any  authority.     If  the  Dinosaur 
bones  of  the  Denver  beds  do  not  belong  there  they  must  have 
been  transported  from  some  earlier  formation,  and,  although 
unable  to  conceive  of  any  method  by  which  this  transfer  could 
have  been  accomplished,  consistent  with  the  other  factors  in 
the  case,  the  writer  has  been  slow  in  coming  to  the  belief  that 
the  Dinosaurian  life  continued  into  the  Denver  epoch.     In  the 

faper  read  before  the  Colorado  Scientific  Society,  in  July  last, 
stated  that  it  seemed  most  probable  that  these  Ijinosanr  bones 
had  l)een  transported  from  Jurassic  or  Cretaceous  strata  to  their 
present  resting-place.  This  opinion  has  now  been  entirely 
changed,  and  it  is  firmly  believed  that  the  bones  found  in  the 
Denver  beds  belong  to  animals  that  lived  in  the  epoch  in 
which  those  beds  were  deposited.  A  few  facts  in  snpport  of 
this  belief  will  be  given. 

Science  is  indebted  to  Mr.  George  L.  Cannon,  Jr.,  of  Den- 
ver, for  several  interesting  discoveries,  the  results  of  a  zealous 
detailed  study  of  the  vicinity  of  the  city,  continued  for  a  num- 
ber of  years.  The  greater  share  of  Dinosaurian  bones  thus  far 
known  from  the  Denver  beds  have  been  found  by  him.  In  an 
article  read  before  the  Colorado  Scientific  Society,  in  October, 

♦  This  Jounial,  Dec,  1888,  p.  477.  '    \  Loc.  dt,  p.  478. 
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1888,*  Mr.  Cannon  gave  a  review  of  the  circumstances  attend- 
ing the  finding  of  allDinosaar  bones  known  to  that  time  in  the 
Denver  beds,  and  drew  the  conclusion  that  they  must  belong 
to  the  horizon  in  which  they  were  found. 

The  majority  of  the  bones  thus  far  secured  were  apparently 
isolated,  no  adjacent  parts  of  a  skeleton  being  found  together, 
though  diflferent  parts  of  the  animal  are  represented.  The 
finds  thus  indicate  skeletons  which  have  been  dismembered  and 
the  various  parts  separated,  though  not  very  widely.  Bones 
found  imbeded  in  Denver  sandstones  are  never  worn,  the 
articulations  of  ribs  and  leg  bones  are  sometimes  perfect,  and 
delicate  surface  sculpturing  uninjured.  The  bone  matter 
is  soft  and  could  not  have  withstood  transportation  under 
ordinary  circumstances.  In  the  strata  containing  the  bones 
are  no  pebbles  of  earlier  sedimentary  formations,  and  any 
agency  which  could  have  transported  the  bones  uninjured 
woula  have  left  traces  of  the  rocks  from  which  the  bones  were 
derived.  The  present  softness  of  the  bones  is  not  due  to 
decomposition ;  on  the  contrary,  the  original  bone  substance 
seems  to  be  weU  preserved,  for  analysis  shows  eighty  per  cent 
of  lime,  phosphoric  acid,  and  fluorine,  in  a  typical  specimen  of 
bone  material  It  is  also  observed  that  fragments  washed  out 
of  the  Denver  strata  and  now  found  lying  in  small  gullies  have 
been  very  much  worn,  even  when  carried  but  a  few  yards. 

In  the  article  cited  Mr.  Cannon  also  mentioned  the  finding 
of  various  fragments  apparently  belonging  to  one  animal,  in 
strata  of  South  Table  Mountain.  He  further  stated  that  a 
number  of  bones  belonging  to  an  herbivorous  Dinosaur  had  been 
obtained  on  the  eastern  slope  of  Green  Mountain  within  a 
small  area. 

On  January  7,  1889,  Mr.  Cannon  gave  a  preliminary  account 
before  the  Colorado  Scientific  Society  of  a  quantity  of  large 
bones  recently  exposed  by  a  cloud  burst  on  Green  Mountain  at 
the  spot  where  the  before-mentioned  bones  were  found.  All 
these  bones  seem  to  belong  to  a  large  Dinosaur. 

These  later  finds  confirm  the  conclusions  reached  by  study  of 
the  isolated  bones.  Until  the  new  material  has  been  studied 
by  Prof.  Marsh  the  full  import  of  the  discovery  cannot  be 
known,  but  it  makes  it  clear  that  Dinosaurs  lived  in  the  Den- 
ver epoch. 

Discussion  of  Evidence, 

The  strata  here  assigned  to  the  Denver  Formation  have 
hitherto  been  considered  as  typical  Laramie,  but  solely  on 
account  of  their  plant  remains.     No  other  evidence  has  been 

♦  The  Milling  Industry.  Denver,  Nov.  9,  1888. 
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advanced  for  referring  the  horizontal  strata  of  Table  Mountain 
to  the  same  formation  with  the  vertical  coal measare  rocks. 

Both  the  Willow  Creek  and  the  Denver  series  lie  between 
undisputed  Laramie  and  a  Tertiary  Formation,  which,  though 
not  yet  closely  studied,  has  been  referred  without  qaestion  to 
the  Miocene.  The  previous  classiiication  of  the  beds,  and  the 
fact  that  the  fossils  with  a  single  exception  are  said  to  indicate 
or  to  require  a  reference  to  the  Cretaceous,  make  the  first 
prol^Iem  to  be  considered,  as  follows :  Do  the  Willow  Creek 
and  Denver  Formations  belong  to  the  Laramie  Group,  or  are 
they  of  later  age  ? 

The  character  of  the  evidence  in  the  case  has  been  sub- 
mitted. The  Denver  beds  are  apparently  separated  from  the 
acknowledged  Laramie  by  a  series  of  intermediate  beds  with 
important  characteristics,  which  are  visibly  unconformable  with 
the  Laramie,  as  are  the  Denver  beds,  in  turn,  with  the  inter 
mediate  Willow  Creek.  But  local  unconformities,  even  greater 
than  the  angular  ones  here  seen,  may  well  exist  with  a  great 
Group  like  the  Laramie,  and  it  is  necessary  to  consider  these 
unconformities  in  the  light  of  the  lithological  evidence,  before 
their  real  significance  can  be  appreciated. 

The  Willow  Creek  conglomerate  shows  pebbles  "derived 
from  every  Formation  below  it  in  the  Denver  field,"  and  the 
unconformity  here  recorded  was  therefore  not  a  local  one 
within  the  Laramie,  but  extended  down  through  almost  the 
entire  Mesozoic  section.  To  explain  this  requires  the  assump- 
tion of  a  great  folding  of  the  strata  adjacent  to  the  foothills  in 
the  interval  preceding  the  Willow  Creek,  In  a  similar  man- 
ner the  materials  of  the  Denver  beds  testify  positively  to  a 
period  of  great  volcanic  activity  in  the  interval  between  the 
Denver  and  the  Willow  Creek  epochs. 

These  are  the  facts  of  primary  importance  and  the  only 
question  which  can  be  raised  is  as  to  their  interpretation. 
W  hatever  fossils  have  been,  or  may  in  future  be,  found  in  the 
Denver  strata,  the  significance  of  these  primary  facts  cannot  be 
ignored.  The  claim  that  the  Denver  beds  are  Laramie 
involves  the  claim  that  the  events  indicated  above  took  place 
within  the  Laramie  time. 

It  seems  to  the  writer  that  if  stratigraphy  and  lithology  can 
give  grounds  for  drawing  boundary  lines  the  evidence  sub- 
mitted warrants  the  separation  of  the  Denver  and  of  the  Wil- 
low Creek  beds  from  the  Laramie,  and  their  reference  to  the 
Tertiary. 

Above  the  Denver  beds,  and  unconformable  with  them,  as 
has  been  shown,  comes  the  Monument  Creek  Formation. 
Hay  den  gave  this  name,  in  1859,  to  "  a  series  of  variegated 
sands  and  arenaceous  clays,  nearly  horizontal,  resting  on  the 
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iptnmed  edges  of  the  older  rocks  "*  and  situated  on  the  divide 
»etween  the  waters  of  the  South  Platte  and  of  the  Arkansas 
ivers.  The  strata  abut  against  the  Archaean  near  Palmer 
L^ke  (on  the  Denver  and  Rio  Grande  R  R)  and  extend  out 
ipon  the  plains  an  unknown  distance.  Hajden  referred  them 
>rovisionally  to  the  Miocene,  without  definite  data.  Cope  sub- 
sequently sought  for  fossils  in  these  beds  and  as  a  result  is 
nclined  to  confirm  the  assignment  of  Hayden.  Remains  of 
in  Oreodon  type  are  thought  to  prove  an  age  later  than  the 
Eocene,  while  the  occurrence  of  Megaceralope  Coloradoensis 
indicates  pre-Pliocene  age.f 

The  strata  here  referred  to  the  Monument  Creek  are  plainly 
sonnected  with  the  ones  originally  described  by  Hayden  and 
no  further  evidence  as  to  their  age  can  be  given. 

It  is  clear  that  the  Monument  Creek  beds  are  much  later  than 
the  Denver  beds.  The  latter  have  been  folded  into  a  vertical 
position  along  the  line  between  Golden  and  Green  Mountain, 
but  the  Monument  Creek  strata,  as  noticed  by  Hayden, :j:  pass 
to  a  contact  with  the  Archcean  and  are  but  slightly  inclined 
(5*^-15°),  showing  that  the  interval  between  the  Denver  and 
Monument  Creek  epochs  witnessed  important  orographical 
changes.  Two-thirds  of  the  Denver  beds  in  the  area  studied 
were  removed  during  the  interval. 

Were  it  not  for  the  presence  of  the  fossil  described  by  Prof. 
Marsh  as  Biaon  altlcomi8j%  the  whole  weight  of  evidence 
would  be  in  favor  of  assigning  the  Willow  Creek  and  Denver 
Formations — assuming  that  they  are  post-Laramie — to  the  earli- 
est Tertiary  possible.  On  account  of  this  fossil,  however,  Prof. 
Marsh  has  stated  that  the  strata  containing  it  are  ''  probably  late 
Pliocene."  But  the  bison  specimen  figured  by  Prof.  Marsn  was 
dug  out  of  solid  typical  Denver  sandstone  at  the  same  general 
horizon  which  has  yielded  all  the  other  Denver  vertebrates 
yet  found.     This  conflict  of  evidence  is  not  yet  explained. 

The  preceding  discussion  has  been  confined  to  the  evidence 
gathered  in  the  district  studied.  A  few  more  general  consid- 
erations may  now  be  brought  out  in  conclusion. 

It  can  scarcely  be  said  that  the  reference  of  the  Denver 
and  Willow  Creek  Formations  to  the  Eocene  is  opposed  to  the 
general  doctrines  concerning  the  succession  of  geologic  events 
at  the  close  of  the  Mesozoic.  The  reference  is  rather  in  full 
harmony  with  those  doctrines,  for  they  assume  great  disturb- 
ances at  this  time,   causing  nonconformities  when  sediraenta- 

♦  Annual  Report  for  1 869,  pp.  39-42. 

t  Ann.  Rep.  U.  S.  G.  &  G.  S..  1873,  p.  430. 

X  Bull.  3,  2d  Ser.  U.  S.  G.  S.  of  Ter.,  1875,  p.  210. 

$$  Am.  Joum.  Sci.,  Oct.  18S7,  p.  324. 
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tion  began  a^ain  and  volcanic  outbreaks  are  frequently  men- 
tioned afi  characterizing  the  beginning  of  the  Tertiary  Era. 

As  to  the  fossil  flora,  it  is  well  known  that  Lesquereux  and 
others  have  referred  the  entire  Laramie  Group  to  the  Eocene, 
or  Miocene,  from  the  evidence  of  fossil  plants.  It  remains  a 
task  for  competent  hands  to  ascertain  whether  the  Table  Moun- 
tain plants  have  influenced  opinions  as  to  what  constitutes  the 
^'  typical  Laramie  Flora,"  or  not, — and  to  what  extent. 

The  few  invertebrate  fossils  of  the  Denver  beas  are  declared 
by  Dr.  White  to  have  no  positive  weight  against  the  conclu- 
sion adopted. 

As  to  the  vertebrate  fossils  of  the  Denver  strata  the  Dino- 
saurian  remains  certainly  present  an  element  of  evidence, 
which,  judged  by  current  belief,  is  strongly  opposed  to  the 
idea  of  a  Tertiary  age  for  the  Formation.  The  aoctrine  that 
the  Dinosauria  became  extinct  in  the  Cretaceous  period  is  gen- 
erally accepted,  yet  it  has  been  characterized  as  a  "dogma  by 
Heer  and  Lesquereux.*  How  far  is  this  doctrine  supported 
by  a  knowledge  of  the  actual  conditions  which  led  to  the  sup 
posed  extinction  of  this  interesting  group  of  peculiar  animals  I 
Are  the  facts  of  experience  competent  to  establish  the  extinc- 
tion at  the  time  mentioned,  independently  of  a  knowledge  of 
conditions? 

The  best  record  of  accomplished  extinction  of  the  Dinosauria 
is  found  in  the  absence  of  their  remains  in  the  great  Eocene 
Fonnations  of  the  basin  area  west  of  the  Rocky  Mountains. 
The  causes  of  this  extinction  are  not  as  yet  known.  As  Dr. 
C.  A.  White  pointed  out  some  years  ago,  "The  climate  and 
other  physical  conditions  which  were  essential  to  the  existence 
of  the  Dinosaurians  of  the  Laramie  period  having  evidently 
been  continued  into  the  Tertiary  epochs  that  are  represented 
by  the  Wasatch,  Green  River  and  Bridger  Groups,  they  might, 
doubtless,  have  continued  their  existence  through  those  epochs 
as  well  as  through  the  Laramie  period  but  for  the  irruption  of 
the  mammalian  nordes  to  which  they  probably  soon  succumbed 
in  the  unequal  struggle  for  exi8tence."t  That  a  group  of  ani- 
mals with  such  higlily  specialized  characteristics  as  are  pos- 
sessed by  the  Dinosauria  could  not  adapt  themselves  to  sudden 
changes  of  environment  is  no  doubt  true,  but  it  is  an  assump 
tion  that  the  orographic  movements  causing  or  following  the 
close  of  the  Laramie  produced  sudden  changes  of  more  than 
local  influence.  In  the  Denver  strata,  whatever  their  age,  is 
the  proof  that  certain  types  of  Dinosauria  did  survive  the 
changes  of  conditions  attending  a  period  of  folding  and  an- 
other period  of  great  volcanic  activity. 

*Heer  quoted  by  Lesquereux  in  "Cretaceous  and  Tertiary  Floras,*'  p.  112. 
f  Bull.  U.  S.  G.  and  G.  S.,  vol.  iv,  No.  4,  p.  876. 
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The  geological  record  of  events  in  Eocene  time  is  very  im- 
perfect, especially  for  the  area  on  the  eastern  slope  of  the 
Kocky  Mountains.  Even  in  the  Great  Basin  area  the  lowest 
recognized  Eocene,  the  Wasatch,  is  found  to  contain  a  peculiar 
^roup  of  mammals  (Coryphodon)  and  the  record  contains  noth- 
ing concerning  the  development  of  this  type.  This  argument 
may  well  close  with  the  simple  suggestion,  offered  as  a  possible 
basis  for  future  discussion,  tnat  the  Denver  and  Willow  Creek 
Formations  may  represent  earlier  Eocene  deposits  than  are  else- 
where known  at  the  present  time  in  the  western  region. 

Eocene  deposits  with  which  the  Denver  beds  may  be  com- 
pared are  at  present  unknown.  The  small  interior  basin  about 
JPIorissant,  Colorado,  situated  only  sixty  miles  a  little  west  of 
sooth  from  Denver,  has  been  quite  thoroughly  described  by 
Professor  S.  H.  Scudder,*  and  its  flora  and  fauna  by  Lesque- 
reox,  Cope  and  Scudder.  From  the  very  abundant  plants,  in- 
sects ana  fishes  of  the  Florissant  beds  it  has  been  supposed  that 
they  are  equivalent  with  certain  parts  of  the  Green  River 
Eocene,  but  this  reference  is  not  thought  fully  justified,  by 
Cope.f  In  his  "  Cretaceous  and  Tertiary  Floras "  Professor 
Lesquereux  describes  162  species  of  fossil  plants  from  the  Floris- 
sant beds,  and  but  one  of  tliese  is  included  in  the  Golden  Flora 
as  described  bv  the  same  author.  Snch  a  diflference  seems 
quite  remarkable  in  view  of  the  fact  that  the  Laramie  flora  has 
so  much  in  common  with  various  Tertiary  horizons. 

It  is  usually  assumed  by  those  who  have  written  concerning 
the  Tertiary  deposits  of  the  West,  that  in  the  Eocene  period 
the  plains  area  east  of  the  Rocky  Mountains  was  almost  en- 
tirely a  continental  region,  and  that  no  seas  or  lakes  existed 
there  to  receive  sediments  equivalent  to  those  of  the  Great 
Basin.  This  assumption  rests,  however,  on  a  very  imperfect 
and  general  knowledge  of  the  district  in  question.  The  known 
destruction  of  a  large  part  of  the  Denver  beds  prior  to  the 
Monument  Creek  epoch  suggests  that  other  deposits  may  have 
existed  which  were  either  entirely  destroyed  or  are  now  repre- 
sented by  as  yet  unidentified  remnants,  corresponding  to  the 
Denver  and  Willow  Creek  beds. 

As  an  example  of  our  lack  of  knowledge  concerning  even 
the  best  known  regions  of  the  west,  may  be  cited  the  discovery 
by  Mr.  R.  C.  Hills  of  8000  feet  of  Tertiary  strata  at  the  east- 
em  base  of  the  Sangre  de  Cristo  range  in  the  Huerfano  river 
basin  of  southern  Colorado.:!:  These  strata  rest  uncomfortably 
on  Laramie  and  Colorado  Cretaceous.     They  are  provisionally 

♦BuUetin,  U.  S.  G.  and  G.  S.,  vol.  vi,  No.  2,  p.  279,  1881. 

t  U.  S.  G.  S.  of  Ter.,  vol.  iii.  Book  1,  pp.  3,  10,  1884. 

X  Described  in  a  paper  entitled  "  The  recently  discovered  Tertiary  Beds  of  the 
Huerfano  River  Basin,  Colorado,"  read  before  the  Colorado  Scientific  Society,  Pe- 
-cember  3,  1888.    To  be  published  in  the  Society's  " Proceedings"  for  1888. 


282    R.  T.  HiU — North  Ameri<:an  Oreiaceavs  HUtory, 

assigned  by  Mr.  Hills  to  the  Eocene  though  no  fossil  remains 
have  yet  been  determined.  Above  these  beds  are  still  others,  as- 
signed provisionally  to  the  Pliocene. 

xhe  present  article  is  intended  to  present  some  facts  estab- 
lished in  a  special  work.  But  the  facts  have  a  more  or  less 
direct  value  in  considering  many  of  the  important  problems  of 
Rocky  Mountain  geology.  Some  of  these  questions  have  been 
hinted  at  in  discussing  tne  age  of  the  Denver  Formation,  but  a 
further  development  of  the  bearings  of  the  facts  stated  is  a 
task  requiring  a  wide  experience  in  various  fields,  and  this 
presentation  1  gladly  leave  to  my  chief,  Mr.  S.  F.  Emmons, 
who  will  give  a  broader  treatment  of  the  subject  in  the  mono- 
graph upon  the  Denver  Basin.  My  sincere  thanks  are  due  to 
Mr.  Emmons  for  his  kindness  and  courtesy  in  approving  the 
publication  of  this  article. 

Note. — Mr.  Eldridge  has  recently  ascertained  thaU  the  name  "  WUlow  Creek' 
has  already  been  applied  to  several  local  Formations  m  this  country,  and  he  has 
therefore  decided  to  call  the  Formation  between  the  Laramie  and  the  DeoTer  Ae 
Arapafioe  instead  of  the  Willow  Creek.  This  decision  was  reached  too  late  to 
allow  of  correction  in  the  body  of  the  above  article.  Arapahoe  is  the  name  of 
the  county  in  which  the  city  of  Denver  is  situated,  and  the  beds  in  question  are 
there  very  prominently  developed, — W.  C. 


Akt.  XXX. — EvenU  in  North  American  Cretaceous  Hidory 
illustrated  in  the  Arkansas-Texas  Division  of  the  South- 
western Region  of  the  United  States  /*  by  RoBT.  T.  Hill. 

During  the  last  two  years  the  writer  has  been  permitted 
by  the  joint  effort  of  Dr  John  C.  Branner,  State  Geologist  of 
Arkansas,  and  the  Director  of  the  United  States  Greological 
Survey  to  investigate  the  stratigraphic  and  paleontologic  con- 
ditions of  the  northern  and  eastern  termination  of  the  Texas 
Cretaceous,  and  to  trace  out  its  detailed  relations  to  those  of 
the  Gulf  and  western  states  with  their  accompanying  phe- 
nomena. The  condition  of  knowledge  jprevious  to  that  time 
was  fully  set  forth  in  this  Journal  for  October,  1887.  From 
later  investigations  I  am  able  to  present  the  following  brief 

*  The  somhwestern  re^non  of  the  United  States  may  be  defined  in  stratigraphic 
terms  as  those  portions  of  Arkansas,  Texas.  Indian  Territory,  southern  Kuisas. 
New  Mexico  ami  Arizona,  south  of  the  Uinta  and  Ozark  uplifts  and  between 
the  Sierras  on  the  west  and  the  great  Atlauiic  limber  belt  on  the  east  Ite 
principal  divisions  are  the  Arizona-Utah  or  Grand  Cafion;  the  Rocky  Mountain 
or  New  Mexican  ;  the  West  Texan  or  Permo-Triassic ;  the  Central  Texas  Paleo- 
zoic: and  the  eastern  or  Arkansas-Texas  Cretaceous  division  lying  between 
the  last  and  the  western  borders  of  the  Tertiary  strata  of  the  Mississippi  emhaj- 
ment,  as  laid  down  upon  Hitchcock\s  Geological  Map  of  the  United  States. 
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sketch  of  the  principal  historical  events  recorded  in  their  for- 
uations,  and  also  a  preliminary  section  which  approximately 
outlines  the  Cretaceous  history  of  the  United  States  east  of 
the  Sierras. 

Continental  limitations  at  the  beginning  of  the  Cretaceous, 

Early  in  these  investigations  it  became  apparent  that  the 
marine  sedimentation  of  both  divisions  of  the  Cretaceous  sec- 
tion had  been  limited  on  the  north  by  an  older  continental 
shore  line  which  must  be  defined  before  the  subsequent  his- 
tory could  be  traced.  The  present  remnant  of  this  ancient 
shore  line  in  the  whole  Neozoic  history  of  the  region  was 
found  to  be  a  more  or  less  connected  orographic  system,  with 
a  score  of  local  names,  which  extends  from  the  Ouachita 
river  in  the  vicinity  of  Malvern  and  Hot  Springs,  Arkansas, 
almost  due  west  through  Indian  Territory  into  the  Panhandle 
of  Texas.  The  remnant  of  this  mountain  system  consists 
of  some  of  the  highest  and  most  sharply  defined  ridges  above 
the  surroundine:  plain  in  America,  as  in  western  Arkansas, 
south  of  the  Arkansas  river,  or  again  of  strings  of  small  knobs, 
as  in  the  Potato  hills  of  Indian  Territory ;  but  whatever  their 
name  or  shape,  it  is  every  where  evident  that  they  are  the  now 
greatly  degraded  remnants  of  a  series  of  nearly  vertical  folds 
which  once  constituted  a  continuous  mountain  system  which 
was  elevated  at  the  close  of  the  Paleozoic. 

The  former  extent  of  this  system  can  not  be  stated,  for  its 
present  eastern  termination  was  truncated  abruptly  and  ob- 
scured by  late  Cretaceous  and  Tertiary  deposits  of  the  Missis- 
sippi embayment,  while  its  western  continuation  is  buried 
beneath  Permian,  Cretaceous  and  Quaternary  sediments  of  the 
Texas  Panhandle  and  obliterated  by  the  later  uplifts  of  the 
Rocky  Mountain  regions.  The  exact  stratigraphic  relations  of 
this  system  to  the  Paleozoic  area  of  Central  Texas  have  not 
been  determined,  except  that  the  tatter's  eastern  margin  pre- 
sents a  succession  of  sediments  similar  to  those  of  the  former, 
and  its  western  border  records  an  early  Mesozoic  history  not 
seen  along  its  eastern.*  It  is  also  evident  that  it  was  com- 
pletely covered  by  sediments  during  the  two  great  subsidences 
in  Cretaceous  time,  while  the  eastern  half  at  least  of  the  Ar- 
kansas Indian  Territory  system  remained  above  sea-level  until 
present  time. 

♦  The  western  border  of  this  Central  Paleozoic  region,  which  presents  an  en- 
tirely different  system  of  strata  from  the  eastern,  will  be  treated  in  another 
paper. 
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The  first  Epoch  of  Subsidence. 

Along  the  southern  border  of  these  mountains  from  the 
Little  Missouri  in  Arkansas  westward  to  the  98th  meridian, 
thence  southward  to  the  Brazos  along  the  eastern  border  of 
the  Central  Texas  Paleozoic  region,  can  be  seen,  resting  with 
a  slight  dip  upon  the  highly  disturbed  Carboniferous  rocb 
and  beneath  the  more  calcareous  chalky  sediments  of  the 
Fredricksburg  Division  of  the  Comanche  series,  a  littoral  for- 
mation which  marks  the  beginning  of  Cretaceous  history  in 
the  region  and  whose  beds,  as  far  as  the  writer  knows,  are  the 
oldest  undoubted  Cretaceous  in  the  United  States,  except  what 
are  perhap  its  eastward  continuation,  the  Tuscaloosa  and 
Potomac  lormations  of  Alabama  and  Maryland.  This  forma- 
tion, as  seen  in  its  typical  exposures  along  the  Murfreesboro- 
Ultima  Thule  road  in  Arkansas,  is  composed  of  several  hun- 
dred feet  of  variegated  sands  and  clays,  resembling  in  color 
the  Potomac  formations  as  seen  in  the  railroad  cuts  at  Balti- 
more, and,  in  addition,  then  fissile  layers  of  shell-bearing 
limestone  and  great  beds  of  gypsum  and  lignites,  associated 
with  a  vertebrate  and  moUuscan  brackish-water  fauna,  which, 
notwithstanding  our  prejudices  against  trans-oceanic  correla- 
tions, is  unmistakably  identical  in  general  lithologic  and  strati- 
graphic  features  with  the  Purbeck  and  Wealden  of  England 
^nd  Germany.  This  fauna,  in  addition  to  a  profuse  and  un- 
studied flora,  consists  of  Dinosauridse  and  brackish  wat^r 
Mollusca  including  millions  of  individuals  of  a  few  species 
such  as  CorbiculidsB,  Viviparus,  Ostrea  FranJdini  of  Coquand 
and  the  undoubted  Pleurocera  stromhiformis  Schloth.,  so  char- 
acteristic of  the  Wealden  of  Europe  and  not  before  found  in 
America.  These  fossils  with  a  single  Ammonite  are  all  indica- 
tive of  its  Wealden  or  transitional  J ura-Cretacic  age.  West  of 
the  Paleozoic  area  of  Central  Texas,  the  writer  has  found  only 
the  sediments  of  this  formation,  but  not  its  fossils.  Its  eastern 
termination  is  covered  by  the  Upper  Cretaceous  and  Quater- 
nary. South  of  the  Brazos,  as  at  Austin,  its  position  is  occu- 
pied by  a  great  deep  marine  chalk  formation,  now  metamor- 
phosed into  hardest  marble,  which  has  strong  Jurassic  aflinities. 
The  Trinity  formation,  as  it  has  been  named,  can  be  directly 
seen  underlying  the  more  calcareous  and  deeper  marine  beds 
of  the  Coraauclie  series  at  many  places,  and  clearly  marks  the 
interior  shore  line  of  the  oldest  American  Cretaceous,  as  well 
as  the  beginning  of  a  great  subsidence  which  initiated  that 
epoch  and  gradually  covered  the  whole  of  the  Texas  Paleozoic 
area.  How  far  the  waters  of  the  Atlantic  extended  southward 
and  westward  is  yet  unknown.  Its  northern  limit  was  the 
unnamed  mountain  system  above  mentioned ;  for  none  of  the 
lower  (Fredricksburg)  sediments  of  this  division  of  the  Creta- 
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jeous  have  until  recently  been  found  north  of  it.  [Since  this  j 
>aper  has  been  prepared  for  press.  Prof.  Cr<>gin  has  noted  the  ^*/ 
>ccurrence  of  rocks  which  belong,  in  my  opinion,  to  the  un-  ^ 
ioubted  Comanche  Series  and  probably  the  Trinity.]  This  sub- 
ddence,  which  has  been  overlooked  in  previous  geological  his- 
tory, was  profound  and  long  continued.  The  evidence  of  its 
depth  is  recorded  in  the  rocks  and  fossils  of  the  Comanche  se- 
ries, which  throughout  consist  of  a  deep  infra-littoral  deposit  of 
chalk  with  and  without  flints,  impure  chalk  and  chalK  marls 
often  hardened  into  limestone,  uniformly  extending  over  wide 
areas  and  gradually  succeeding  the  littoral  Trinity  beds.  The 
thickness  of  these  sediments  increases  southward,  sometimes 
reaching  2000  feet.  At  Austin  they  are  over  1500  feet  The 
evidence  of  a  greater  subsidence  southward  and  absence  of 
sediments  northward  indicate  a  continental  condition  in  the 
latter  region  during  Jurassic  time  and  the  possible  continuation 
of  deep  sea  conditions  during  that  period  in  southern  Texas 
and  northern  Mexico — a  possibility  which,  as  will  be  shown  in 
another  article,  may  be  a  fact,  as  indicated  by  an  undescribed 
system  of  rocks  in  those  regions. 

The  long  continuation  of  this  subsidence  is  well  shown  by 
its  fauna.  First,  by  the  remarkable  uniformity  in  the  distribu- 
tion of  its  successive  horizons.  The  fauna  of  the  Washita 
limestone  horizon,  in  the  section  at  the  close  of  this  paper,  is 
almost  identical  at  El  Paso  and  at  the  Arkansas-Choctaw  line, 
some  900  miles  apart.  The  horizon  of  the  remarkable  and 
uniqiie  Exogyra  arietina  clays  extends  from  Indian  Territory 
to  Presidio  del  Norte  nearly  500  miles,  with  no  perceptible 
variations  in  the  outcrops.  The  long  continuation  of  this  sub- 
sidence is  also  shown  by  the  gradual  change  which  the  species, 
a  large  number  of  which  are  identical  with  European  Creta- 
ceous forms,  underwent  without  sediraental  break.  The  spe- 
cies of  Echinodermata,  Ostreidae,  Gasteropoda,  etc.,  of  the 
Fredricksburg  division  are  replaced  in  the  Upper  or  Washita 
limestone  by  other  forms  of  the  same  or  allied  genera,  so  simi- 
lar in  some  predominant  feature  and  at  the  same  time  so 
specifically  different  as  to  clearly  show  a  line  of  progressive 
evolution  in  this  epoch.*  The  time  of  this  subsidence,  as 
shown  by  paleontological  evidence  was  Neocomian  and  Middle 
Cretaceous.  It  is  also  shown  from  its  absence  that  this  subsi- 
dence was  not  so  extensive  along  the  margins  of  the  Appala- 
chian regions.  In  fact,  there  is  some  circumstantial  evidence 
that  its  northern  shore  limit,  a  portion  of  which  is  preserved 
to  us  in  the  Arkansas-Indian  Territory  orographic  remnant, 
must  have  continued  eastward  without  deflecting  northward, 

*  The  writer  has  in  press  a  complete  revision  of  the  species  of  this  division 
which  will  contain  further  mention  of  this  fact. 
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as  shown  by  the  phenomenal  outcrops  in  the  salines  of  Lonisi- 
ana  and  on  the  island  of  Jamaica.* 

The  Comanche  epoch  of  subsidence  was  closed  by  the  great 
elevation  of  an  extensive  land  area  of  which  little  is  as  vet 
known,  except  that  it  must  have  endured  a  length  of  time 
sufficient  for  the  complete  modification  of  species,  for  not  one 
of  those  of  the  Comanche  series  has  thus  far  been  found  to 
pass  upward  into  the  later  beds  of  America,  although  one  or 
two  are  found  in  Europe.  The  records  of  this  elevation  are 
two-fold.  First,  an  unmistakable  and  omnipresent  unconformity 
between  its  beds  and  those  of  the  succeeding  Upper  Cretace- 
ous— the  Meek  and  Hayden  section  of  the  northwest  and  its 
Atlantic  coast  equivalents.  Second,  the  littoral  conditions  indi- 
cated by  the  land  flora  of  the  Dakota  sandstone  which  must 
have  been  deposited  along  its  shore  line,  marking  the  next 
great  epoch  to  be  described.  This  unconformity  is  seen  not 
only  in  the  absolute  lack  of  parallelism  in  beds  and  the  com- 
plete lithologic  and  faunal  changes,  but  also  in  the  fact  that 
the  same  basal  horizons  of  the  U pper  Cretaceous  rest  at  differ- 
ent places,  owing  to  unequal  erosion,  upon  different  horizons 
of  the  eroded  surface  of  the  lower  Comanche  series.  The 
elevation  at  the  close  of  the  Comanche  epoch  is  also  illustrated 
by  the  disturbances  recorded  in  the  strata  of  southwestern 
Texas  as  shown  in  the  following  trans-section  of  the  Austin- 
New  Braunfels  unconformity  at  Austin,  the  Upper  Cretace- 
ous series  resting ^unconformably  upon  the  greatly  disturbed 
strata  of  the  lower.  The  Comanche  series  are  here  grciitlv 
faulted  along  the  fold  of  what  could  be  appropriately  termed 
the  most  eastward  of  the  series  of  American  monoclines  and 
which  marks  the  first  plateau,  the  eastern  margin  of  which  con- 
tinues westward  to  the  Rio  Grande.  This  elevation  evidently 
took  place  before  the  beginning  of  the  Upper  Cretaceous. 

*  The  ])eoiiliar  occurrence  of  Cretaceous  limestone  in  certain  salines  of  Louisi- 
ana, some  two  hundred  miles  coastward  from  the  main  area  of  the  Cretace«ms 
exposures,   was   uoted   by   Dr.    KuKcne  W,  Hilgard  in   various  publications,  but 
before  the  presence  of  any   marine   Iteds.  except  the  Upper  of  the  Cretaceous 
system,  had  been  admitted  in  this  country.     Some  two  yeara  ago,  Judgpe  Law- 
rence C.  Johnson  of  the  U.  S.  Geoloj^cal  Survey  showed  the  writer  some  sped- 
mens  of  the  material  recently  collected  from  tiiese  *'  Cretaceous  Islands."    The? 
were  found  to  be  both  lithologicully  and  paleontologrically  identical   with  the 
marine   Cretaceous  of  the  Comanche  series  of  the  west  Central   Texas.     The 
nearest  out^^rop  of  the  main  area  of  the  formation  is  at  Cerro  Gordo,  Arkansas, 
on  the  Choctaw  line,  and  all  the  area  intervening  is  covered  by  Quaternary  de- 
posits.    Why  these  islands  sliould  occur  along  this  Cretaceous  •*  backbone  "  of 
Louisiana  as  Hilgard  has  termed  it,   can  only  be  explained  upon  the  hypoth- 
esis that  there  exists  in  that  vicinity  some  ancient  and  as  yet  undeacribed  di.Murb- 
auce.     Another  datura  which  adds  interest  to  this  inquiry  is  the  fact  that  upon 
the  island  of  Jamaica,  as   personal  observers  and  the  reports  of  the  Greological 
Survey  of  Great  Britain  have  led  me  to  believe,  there  are  also  Cretaceous  rocks 
of  the  same  horizon,  directly  in  the  strike  of  the  Louisiana  outcrops.     In  Tiew 
of  these  facts,  the  investigation  of  Cuba  is  awaited  with  much  interest,  for  it  ii 
probable  that  those  outcrops  were  once  continuous. 
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The  aecofid  Epoch  of  Subsidence. 

oUowing  this  mid-Cretaceous  land  epoch  there  was  another 
■Qund  subsidence.  This  epoch  may  be  said  to  include 
graphically,    stratigraphically,  and   paleontologically   what 

lately  known  as  all  of  American  Cretaceous  history  and 
ch  with  slight  modifications  in  correlation,  is  the  section 
tfeek  and  Hayden  and  includes  all  the  Upper  Cretaceous 
he  Northwest,  New  Jersey  and  Alabama,  except  the  baBal, 
caloosa  and  Potomac  beds,  in  the  two  latter  regions.  The 
tontologic  and  sedimental  sequence  is  continuous.  In  all 
e  regions  the  grand  development  of  the  Lower  Cretaceous 
ba  of  the  Comanche  series  is  missing,  and  the  upper  divi- 

rests  either  unconformablv  upon  the  basal  littorals,  equiv- 
ts  of  the  Trinity  beds,  as  m  New  Jersey  and  Alabama,  or 
n  the  pre-Cretaceous  rocks  of  the  mid-Cretaceous  conti- 
t,  as  in  the  northwest.  In  l^exas,  however,  this  Upper 
taceous  system,  which  attains  an  even  greater  development 

A  ^"     "  .,  .1  vriiwii   f 


5.  1.  Section  across  the  Austin-New  Braunfels  unconformity,  Travis 
ty.  Texas^  showing  disturbances  at  close  of  Upper  (A)  and  lower  Greta- 
J  (B),  and  unconformity  between  these  systems.  Basaltic  extrusion  (Pilot 
3)  at  D. 

1  in  the  typical  "  Nebraska"  region,  rests  every  where  uncon- 
nably  upon  the  Comanche  series.  The  unbroken  succes- 
1  of  the  formations  of  this  Upper  Cretaceous,  recorded  both 
?exa8  and  the  northwest  by  its  sediments,  is  as  foUows : — 
sands,  (2)  clays,  shales  changing  upward  into  calcareous 
es,  (3)  chalk,  (4)  chalk  marls,  {b)  sandy  marls,  (6)  sands 
1  littoral  fossils  indicating  a  period  of  slow  prolonged  sub- 
iuce  and  gradual  emergence. 

'his  was  the  most  proiouud  submergence  in  all  Mesozoic 
e,  the  Atlantic  ocean  having  extended  continuously,  as 
svn  by  the  remarkable  identity  of  sediments  similarly  sit- 
id  in  relation  to  the  shore  line  and  by  its  fossils,  from 
tish  America  southward  around  the  Appalachian  continent, 
history  is  similar  to  that  of  the  lower  division — a  long  con- 
led  and  gradual  submergence,  the  sedimentation  of  which 
larked  by  an  immense  chalk*  deposit  followed  by  a  gradual 
isition  upward  without  break  into  arenaceous  littorals. 

Fhe  question  of  chalk  in  the  North  American  Cretaceous  is  fully  discussed  in 
report  on  the  G^eology  of  Southwestern  Arkansas.  It  is  sufficient  to  say 
in  sections  of  this  basal  Upper  Cretaceous  chalk,  kindly  prepared  by  Mr.  J.  S. 
r  of  the  U.  S.  Geological  Survey,  were  found  almost  a  repetition  of  the 
ninifera  of  the  Europeau  Upper  Cretaceous  chalks. 


I 
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Diaturhances  and  Differentiation  at  the  dose  of  the  American 

Cretaceous. 

The    uniformity  of  the  littoral  fauna  at  the  close  of  the 
Upper  Cretaceous  is  shown  by  a  comparison  of  the  species  of 
the  Eipley,  Navarro  and  Pierre- Fox  Hills  beds.     This  similar- 
ity is  in   remarkable   contrast  with  the  great  differentiation 
wnich  followed  it ;  for  at  the  close  of  the  Cretaceous,  that  emer- 
gence so  well  known  to  American  geologists  took  place,  which 
lifted  the  western  interior  region  permanently  above  oceanic 
invasions.     That  the  southern  trans-Mississippi  Gulf-Cretace- 
ous was  also  slightly  lifted  above  sea  level  is  shown  by  a  slight 
but  unmistakable  unconformity  found  in  Arkansas,  at  Elmo, 
Texas,   and    elsewhere    between  the  beds  of  these   periods. 
The  oldest  littoral  beds   of    the   marine  Tertiary   (Lignitic), 
which  are  mostly  composed  of  sediments  derived  from  the 
soft  strata  of  the  underlying  Cretaceous,  are  distinguishable 
from  them  only  by  a  slight  non -conformity  sometimes  accom- 
panied by  a  thin  sub-stratum  of  siliceous  pebbles.     This  un- 
conformity is  made  more  certain,  however,  by  the  recent  dis- 
covery of  unmistakable  paleontologic  evidence.     As  in  the  case 
of  the  mid-Cretaoeous  nonconformity,  the  basal  Tertiary  rests 
upon   different  horizons  of  the  Upper   Cretaceous,  owing  to 
inequalities  in  its  erosiona     In  Texas,  southwest  of  Bastrop 
and  Austin  to  the  Sabinas  river  in  Mexico,  for  a  distance  of  300 
miles,  there  is  a  more  conspicuous  and  unmistakable  sign  of 
the  disturbances  at  the  close  of  the  Cretaceous  than  this  un- 
conformity, and   this  is  an  elevation,  accompanied  by  a  line 
of  many  basaltic  outbursts*  in  close  proximity  to,  but  not  im- 
mediately connecting   with   the   line  of   elevation   along  the 
Austin-New  Braunfels  unconformity  above  mentioned,  which 
seems  to  have  been  a  line  of  weakness  since  Jurassic  times. 
The  basaltic  outcrops  occur  at  no  less  than  fifty  places  in  a  line 
from  near  Yegua  Hills  in  Bastrop  County  southwest  via  Havs. 
Kendall,  Bandera,  Kerr,  Nueces  and   Val  Verde  counties  to 
the   Santa   Rosa   mountains   in    Mexico.     Pilot   Kjiob,  seven 
miles  southwest  of   Austin,  is  a  typical  example.     This  is  a 
small   dome-shaped    protuberance   of    columnar   basalt  rising 
through  the  Upper  Cretaceous  chalks  which  surround  it  on  all 
sides  and  producing  in  them  a  quaquaversal  dip  of  ten  degrees, 
and  metamorphosing  them  into  saccharoidal  marble  at  the  eon- 
tacts.     In  decern posmg,  the  basalt  becomes  amygdaloidal  and 
zeolitic.     The  whole  exposure  has  the  appearance  of  a  trun- 
cated  laccolite.      Throughout  the  whole  region,  as  seen  in  tig 
1,  there  are  other  evidences  of  the  presence  of  these  igneous 
rocks  beneath,  as  seen  in  the  dome-lite  disturbances  and  meta- 

*  Conjointly  with  Mr.  E.  T.  Dumble,  the  writer  will  publish  at  an  early  daj,  a 
paper  upon  this  remarkable  igneous  area. 
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morphism.  It  is  evident  that  the  extrusions  took  place  at  or 
after  the  close  of  the  Cretaceous,  and  probably  belong  in  the 
same  category  with  similar  phenomena  reported  at  Rockwall 
in  north  Texas,  in  the  Chickasaw  Nation,  and  in  Arkansas. 

Post'  Cretaceous  events  which  have  concealed  Cretaceous  history. 

The  inequalities  between  the  two  great  formations  of  the 
Cretaceous  nave  been  greatly  obliterated  by  subsequent  history, 
as  illustrated  in  the  following  section  along  the  Arkansas- 
Choctaw  line,  across  Little  and  Ked  rivers,  wherein  can  be  seen 
the  leveling  and  concealment  produced  by  an  early  Quaternary 
subsidence,  which  has  also  worn  away  much  of  the  mountains. 


Fig.  2.  Section  forty  miles  in  length  north  and  south,  along  the  Arkansas- 
Choctaw  line  showing  the  sequence  of  the  Cretaceous  formations,  their  relation 
to  the  Paleozoic  Mountain  axis  P,  and  tiieir  post-Tertiary  degradation  by  the 
Quaternary  subsidence  E.  Upper  Cretaceous,  A ;  Comanche  series,  B ;  Trinity 
formation,  C ;  Intrusive  dike,  D. 

The  whole  Cretaceous  history,  as  seen  in  the  region  of  its 
most  typical  sediments,  can  be  summed  up  as  two  profound 
subsidences,  separated  by  a  land  epoch.  These  have  left  in 
their  sediments  two  great  chalk  formations,  as  shown  in  the 
following  table.  The  history  of  these  subsidences  has  hitherto 
been  confused  owing  to  the  fact  that  the  littorals  of  one  of 
them  in  regions  favorable  for  study  have  been  mistaken  for 
the  whole.  Although  each  of  the  faunas  and  sediments  of  the 
two  formations  represents  an  unbroken  series,  I  have  mentioned 
for  each  horizon  distinguishing  species  of  Ammonites,  Ostrea 
and  Echinoderms. 

University  of  Texas,  March  7,  1889. 
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Art.  XXXL — A  Oeneral  Method  for  determining  the  Secon- 
da/ry  Chromatic  Aberration  for  a  double  Tdeecope  Objec' 
ttvey  yyith  a  description  of  a  Telescope  sensibly  free  from 
this  defect ;  by  Charles  S.  Hastings. 

A  FORMER  paper  by  the  writer*  described  a  method  of  find- 
ing the  practicable  combinations  of  three  kinds  of  glass  to  pro- 
dace  an  objective  without  secondary  chromatic  aberration. 
The  result  of  the  investigation  showed  that  there  had  been 
leveral  optical  glasses  studied  and  described,  notably  one  by 
Praunhofer  and  one  by  Van  der  Willigen,  which  would  meet 
he  practical  requirements  of  the  problem  in  combination  with 
ypes  of  optical  glass  how  readily  procurable.  Since  publish- 
Qg  that  paper  the  writer  has  made  very  many  experiments  with 
large  variety  of  glasses,  not  only  those  made  specifically  for 
ptical  purposes  but  many  others,  without,  however,  finding 
ny  really  useful  combinations  until  recently.  But  within  a 
ew  years  the  variety  of  material  at  the  command  of  the  work- 
ag  optician  has  been  enormously  increased  by  the  invaluable 
ibors  of  Dr.  Schott  and  Professor  Abbe ;  and  within  the  last 
wo  years  the  results  of  their  investigations  have  been  put  at 
he  command  of  the  working  optician  by  the  manufacturing 
Lrm  of  Schott  and  Company  of  Jena.  What  Professor  Abbe 
nd  Dr.  Zeiss  have  accomplished  with  these  newly  acquired 
aeans  in  the  improvement  of  the  microscope  is  a  most 
nteresting  history  familiar  to  all,  but  their  utility  in  the 
vay  of  improving  the  telescope  has  not  been  thoroughly  in- 
vestigated. With  a  view  to  tnis  investigation  the  writer  pro- 
snred  a  number  of  these  glasses  of  the  most  notable  optical 
Deculiarities  just  after  the  catalogue  of  Schott  and  Co.  came 
uto  his  possession,  omitting,  however,  those  which  were  known 
lot  to  be  permanent  under  ordinary  atmospheric  exposure ;  for, 
ilthongh  small  lenses  of  microscope  objectives  may  be  used 
sdth  such  care  that  the  deterioration  of  the  surfaces  need  not 
3e  serious  for  many  months  or  even  years,  the  larger  and  far 
Dtiore  expensive  lenses  of  the  telescope  must  be  permanent  or 
:heir  final  cost  would  render  them  wholly  impracticable.  This 
purely  practical  limitation  was  imposed  notwithstanding  that 
the  manufacturers  recommended  a  number  of  combinations 
which  would  yield  ^eatly  diminished  secondary  dispersion  if 
it  were  dispensed  with. 

The  metnod  employed  in  the  paper  cited  above  is  rigidly 
iccurate,  but  very  laborious  in  its  application.  It  required  the 
naking  of  a  very  accurate  prism  oi  each  variety  of  glass  and 

*  This  Journal,  III,  vol.  xviii,  p.  429. 
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the  determination  of  eight  or  ten  indices  of  refraction  for 
known  wave-lengths  as  well  as  a  protracted  calculation.  The 
manufacturers  supply  in  their  cataiogue,  however,  the  approxi- 
mate refractive  indices  of  their  materials  for  several  Known 
wave-lengths,  and  the  differential  refractions  with  considerable 
accuracy.  As  the  character  of  the  color  correction  of  an  ob- 
jective depends  upon  the  latter  quantity,  it  seemed  that  some 
method  might  be  devised  for  a  systematic  study  of  all  the 
materials  founded  upon  these  given  constants,  and  thus  avoid 
the  large  amount  of  labor  required  in  the  old  method.  This 
consideration  led  to  the  following  solution. 

The  power  of  a  binary  lens  having  the  sum  of  the  recipro- 
cals of  the  radii  of  the  two  lenses  respectively  A  and  B  is 

^=(n— l)A-f  (n'— 1)B, 

which,  for  a  definite  value  of  n,  we  will  arbitrarily  assume  to 
be  unity,  thus : 

^•=K-l)A  +  K-l)B=l.  (1) 

For  an  achromatic  combination  we  must  have 

d^    r.      A     dn'  ry  A  dn  ,  , 

^=«=^+^^---«=-^^'     .        (^)- 

The  value  of  the  differential  coefficient  in  this  equation  is  a 
variable,  but  the  value  which  should  be  taken  for  the  best  color 
correction  for  visual  purposes  has  been  shown  to  be*  that  cor- 
responding to  a  wave  length  of  about  5164.  By  employing 
these  values  of  n  and  n'  in  the  above  equations  and  designating 
them  by  n^  and  n\^  equation  (1)  becomes  the  condition  of  defi- 
nite power  and  (2)  that  of  achromatism. 

We  now  wish  to  find  the  expression  for  the  secondary  chro- 
matic aberration.     We  may  write 

(p^=z()i,  +  6n  —  \)  A  —  {n\+6n'^l)-=-^  A;  whence 

dfi 

But  in  the  paper  of  vol.  xviii,  cited  above,  it  was  shown  that 
the  refractive  index  of  one  species  of  glass  can  be  expressed  aa 
a  simple  trinomial  function  of  that  of  another  with  practically 
absolute  accuracy,  whence 

dn'^{ft-\-2yn)dn-\-y6n*  \  also 

dn'        dn\  ,  ,      .   ,  <?»' 

^  +  2>'n=^  =  ^  nearly,  and  Y=\-^.. 

Substituting  the  value  of  in!  in  the  expression  for  iy,  we  have 

*  This  Journal,  vol.  xxiii,  p.  167. 
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which  is  the  measure  for  the  secondary  chromatic  abberration 
for  a  binary  lens  of  materials  n  and  n'  and  power  ip.  Although 
it  is,  as  appears  from  the  method  in  which  it  was  derived,  an 
approximation,  it  is  found  to  be  perfectly  accurate  to  three  sig- 
nmcant  fiffures  from  the  wave-lengths  A  to  H  inclusive. 

If  we  already  have  the  constants  of  the  equation  expressing 
the  relation  between  n'  and  n  the  calculation  of  dip  is  easy  and 
the  method  obvious.  For  the  Crown  1219  and  rlint  1237  of 
nay  paper  on  double  objectives  cited  above,  which  may  be 
taken  as  typical  specimens  of  the  crown  and  flint  glasses 
used  in  the  construction  of  astronomical  telescopes  during 
the  last  half  century,  the  value  of  dip  is  —27*1;  but  if  we  have 
not  sufficient  data  to  enable  us  to  calculate  the  values  of  a,  )9 
and  7*,  or  if  we  wish  to  avoid  the  labor  of  determining  them, 
we  may  content  ourselves  with  three  indices  for  each  iind  of 
glass  employed  and  be  confident  of  a  useful  approximation  to 
the  true  solution  if  the  «orresponding  wave-lengths  are  well 
distributed  through  the  spectrum.  Thus  if  the  indices  for  the 
Fraunhofer  lines  C,  D  and  F,  are  given,  we  may  substitute  in 

the  above  equations,  tid  for  n^,  -7^ — r  for  ^,  and  for^^-:  =2r 
^  n  Y—n  c         an;  dn^       ' 

the  value  deduced  from  the  equations : 

Such  a  ready  approximation  gives  5^=— 30*0  for  the  glasses 
above  mentionea. 

In  the  catalogue  of  the  Jena  manufacturers  are  given  the 
approximate  indices  of  refraction  for  the  line  D,  and  to  a  much 
greater  degree  of  precision,  the  differences  of  the  indices  for 
various  intervals  in  the  spectrum  including  the  intervals  C  to 
F  and  D  to  F.  Since  the  color  characteristics  of  a  combina- 
tion depend  upon  the  differences  far  more  decidedly  than  upon 
the  absolute  value  of  the  indices,  as  has  already  been  stated, 
we  have  in  this  list  all  the  data  necessary  to  secure  an  approxi- 
mate solution  to  the  problem  by  the  method  described.  We 
may  most  conveniently  proceed  by  selecting  some  one  from  the 
list  and  then  find  the  value  of  dip  for  each  combination  of  the 
others  with  it  for  a  definite  change  of  wave-length  of  light ; 
3r,  what  is  far  better  for  our  end  in  view,  calculate  the  value  of 
the  coefficient  of  dn*  in  the  expression  for  dip.     If  we  call  this 

coefficient  k  its  value  will  be  —  JA  j-r  itt-     Such  tabulated 

an  9  an 

c^alues  of  h  would  give  us  a  notion  whether  a  combination  was 

subject  to  a  large  secondary  chromatic  aberration  or  to  a  small 
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one,  but  the  numbers  would  not  be  proportional  to  the  aberra- 
tions because  of  the  variable  factors  dn* ;  but  if  we  multiply 

the  number  k  by   (;t~  )  ?  where  n  is  the  index  for  theglags 

which  is  to  be  conibinea  with  that  common  to  the  whole  series 
of  pairs,  and  n,  is  the  index  for  another  glass  arbitrarilv  as- 
sumed to  have  the  standard  dispersion,  we  shall  have  a  series 
of  numbers  all  of  which  are  to  be  multiplied  by  the  same 
quantity,  namely,  5/i,'*,  to  find  the  secondary  chromatic  aberra- 
tion for  a  binary  objective  of  each  pair.  These  numbers  we 
will  designate  by  k\  In  order  to  make  the  comparison  with 
an  objective  of  the  ordinary  type,  I  have  chosen  No.  37  of 
Schott  and  Co.'s  catalogue,  an  ordinary  flint  of  the  kind  gen- 
erally employed  in  telescope  objectives,  for  the  ne^tivelensof 
all  the  combinations,  and  No.  13,  which  is  an  ordinary  crown 

fjlass,  as  the  material  of  standard  dispersive  power.  The  fol 
owing  table  contains  the  results  of  the  computations  thus  in- 
dicated. The  fii-st  column  contains  the  catalogue  number  of 
the  glass  combined  with  No.  37 ;  the  second  column  contains 
A,  the  sum  of  the  curvatures  of  the  two  surfaces  of  the  posi- 
tive lens,  and  the  third,  under  B,  the  sum  of  the  curvatures  of 
the  two  surfaces  of  the  flint  lens ;  finally,  the  fourth  column 
contains  k\  which  may  be  regarded  as  the  true  measure  of  the 
secondary  chromatic  aberration.  In  short,  if  r^  and  r,  are  the 
radii  of  the  positive  lens,  7'\  and  r\  those  of  the  flint  No.  o" 
lens,  we  have  for  a  binary  lens  of  focal  length  unity, 


A  =  - 

r 


1  1       ^       1  1         ,,     ,[dn\* 

r,         r,  r,         r,  \dnj 


Inspection  of  the  table  shows — First:  that  only  one  of  the 
binary  combinations  having  "ordinary  dense  flint"  as  one  com 
ponent  is  practically  free  from  seconaary  chromatic  aberration, 
namely,  Is  o.  30.  This  is  described  in  the  catalogue  as  a  silicate 
flint  with  relatively  high  refractive  power.  Although  the  com- 
bination demands  rather  deep  curves  for  the  lenses,  it  is  in  mj 
opinion  by  far  the  best  which  the  present  resources  of  practical 
optics  affords,  and  is  sensibly  perfect.  The  inconvenience  of 
excessive  curvature  could  be  reduced  by  making  the  objective 
of  three  lenses,  the  Hint  37  being  a  double  concave  between 
two  positive  lenses  of  flint  30,  or,  perhaps  better,  in  the  case  of 
large  telescopes,  increasing  the  ratio  of  focal  length  to  apertore. 
This  conclusion  stands  or  falls  with  the  accuracy  of  the  data 
supplied  by  the  catalogue,  for,  although  there  are  strong  reaeons 
for  supposing  the  data  good,  I  have  not  seen  either  of  the 
materials  in  question. 

Second :  that  there  are  only  two  combinations  for  which  iK  is 
positive,  those  of  66,  an  "  ordinary  light  flint,"  and  rock  salt 
The  first  of  these  is  of  no  practical  interest  on  accoant  of  the 
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large  numerical  values  for  A  and  B,  but  the  case  of  rock  salt  is 
worthy  of  a  moment's  discussion.  The  numbers  show  that  it 
is  possible  to  make  a  telescope  objective  of  rock  salt  and  ordin- 
ary telescope  flint  which,  with  moderate  curvatures,  shall  give 
a  negati/ve  secondary  chromatic  aberration,  that  is,  which  would 
show  the  center  of  a  stellar-image  purple  inside  of  the  focal 
plane  instead  of  outside  as  in  the  familiar  case.  This  peculiarity 
of  rock  salt  I  discovered  a  long  time  since.  It  is  of  interest 
since  it  enables  us  to  eliminate  all  secondary  chromatic  aberra- 
tion bv  combining  a  relatively  strong  binary  lens  of  rock  salt 
and  flint  with  a  weak  binary  of  crown  and  flint,  or,  in  shoi-t,  to 
make  an  absolutelv  achromatic  combination  of  the  thyee  mate- 
rials named.  I  had  calculated  such  an  objective  and  com- 
menced making  a  pair  for  spectroscopic  work,  when  the  publi- 
cation of  the  Jena  catalogue  suggested  combinations  of  more 
practical  value. 

Table  of  constants  of  binary  olgectives  composed  of  various  substances 

combined  with  flinty  3Vo.  87, 


No. 

A 

B 

-k' 

No. 

A 

B 

-fc' 

1 

3-97 

-1-68 

25-5 

24t 

6-91 

-  3-83 

36-4 

2* 

3-85 

—  1-84 

200 

25 

662 

-  4-23 

34-4 

3 

3-86 

-196 

19-8 

26 

706 

-  4-46 

21-1 

4f 

3-84 

-2  04 

22-3 

27 

7-58 

-  5-29 

33-2 

5 

4-46 

-204 

25-3 

28t 

8-64 

-  6-81 

34-5 

6 

4-68 

-2-21 

25-4 

29 

10-48 

-  7-98 

21-5 

7 

4-71 

-2:'.0 

27-1 

30 

10-6 

-  8-61 

0-5 

8 

4-77 

-235 

23-6 

53 

502 

-  2-94 

23-3 

9 

4-80 

-2-40 

23-0 

54 

5-65 

-  306 

241 

lOf 

491 

-2-37 

H5-8 

55 

5-45 

-  3-35 

17-2 

11 

499 

-2-41 

25  7 

56 

631 

-  3-71 

18-2 

12 

4-67 

-2-43 

26-2 

57 

5-84 

-  3-72 

20-5 

13 

4-92 

-2-48 

28-7 

58 

609 

-  3-90 

19-9 

U 

6  00 

-2-58 

17-0 

59 

603 

-  3-92 

18-9 

15 

4  93 

-2-59 

25-6 

60 

6-42 

-  4  24 

15-4 

16 

4-63 

-2-64 

21-6 

61 

7  03 

-  4-65 

14-2 

17 

6-21 

-2-70 

24-4 

62 

7-53 

—  5-42 

18-8 

!8 

529 

-2-76 

22-5 

63 

10-7 

—  8-10 

11-0 

19 

5-21 

-2-77 

26-9 

64 

130 

-10  4 

12-3 

20 

4-70 
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22-2 

65 

12-9 

—  10-2 

5-8 

21t 

6-17 

-296 

35-5 

66 

25-8 

-23.4 

-13-3 

22t 
23 

5  42 
6-21 

—3-19 
-3-74 

32-2 
18-5 

Rock 
Salt 

11-67 

-  8-52 

-  6-5 

*  That  in  my  possession  not  permanent,     f  Not  permanent 

Third :  that  it  is  easy  to  select  from  the  table  triple  combina- 
tions such  that  the  secondary  dispersions  shall  be  completely 
eliminated.  The  process  would  be  the  following : — Take  a  neg- 
ative binary  lens  of  some  materials  of  which  the  value  of  —  i'  is 
large  and  of  such  a  power,  (p\  that  <p^h^  equals— A'  for  a  binary 
having  a  small  value  of  this  constant.  These  two  binaries  com- 
bined will  form  a  system  of  power  ^— ^'  without  chromatic 
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aberration.  Other  things  being  eqaal  those  materials  having 
tlie  smallest  numbers  under  A  and  B  would  be  preferable.  To 
illustrate :  suppose  we  take  combinations  3  and  37  and  10  and 
37,  the  first  having  a  small,  and  the  second  a  large,  secondary 
aberration.  Take  a  negative  binary  of  the  second  pair  of 
power  —0*553,  which  will  give 

add  to  this  a  binary  of  the  first  pair  of  which 

A,=3-84  B,=  — 2-04  A;',^,=  — 19-8   ^,=  1- 

and  we  have  a  triple  lens  for  which 

A,=3-84  A,,=  — 2-72  A„=— 0-73  A;>=0   ^=0-447. 

The  meaning  of  A„  is  obvious  when  we  remember  that  B,  and 
Bjo  both  express  curvature  sums  for  the  same  material,  flint  37. 
To  find  the  curvature  sums  for  a  focal  length  of  one,  we  should 
have  only  to  divide  throughout  by  0*447,  which  yields  8*59 
— 1)09  and  — 1'63.  These  are  moderate  curvatures,  but  in 
view  of  the  fact  that  10  is  not  a  permanent  glass  I  should  pre- 
fer 3,  25  and  37,  or  3,  27  and  37,  although  there  are  a  consid- 
erable number  of  such  triple  combinations  which  may  be  useful 
and  which  may  be  gathered  from  a  study  of  the  table. 

Fourth  :  that  by  means  of  the  table  we  may  also  find  the 
value  of  the  secondary  chromatic  aberration  for  a  binary  com- 
posed of  any  two  materials  entered  in  it.  For  example,  sup- 
pose we  desire  the  color  characteristic  of  a  binary  composed  of 
Nos.  1  and  22,  which  is  one  of  the  combinations  recommended 
by  the  makers  as  yielding  an  objective  of  notably  diminished 
secondary  aberration.  Take  a  negative  binary  of  22  and  37 
with  a  power  of  —  0*527 ;  its  constants  are  : 

A„  =  — 2-85  B„  =  l-84  ^>'=17-0. 

Combining  this  with  the  binary  of  1  and  37  of  power  one,  we 
have  a  binary  lens  of  the  two  glasses  in  question  (since  the  37 
eliminates)  the  constants  of  which  are : 

Aj  =  3-97  A„  =  — 2-85  A;>=  — 8-5  ^=0-473; 

or,  reduced  to  focal  length  of  unity, 

Aj  =  8-39  A„=— 6-02  A;'=  — 18*0, 

whence  we  conclude  that  by  this  construction  we  only  reduce 
the  secondary  dispersion  one-third  at  a  cost  of  permanence  in 
one  of  the  lenses. 

Other  combinations  recommended  for  the  end  in  view  are  ^ 
and  24,  and  3  and  28.  The  first  of  these  is  optically  by  far 
the  best,  reducing  the  dispersion  about  five-sixths,  but  ootn  the 
materials  are  perishable ;  the  second  pair  is  practically  the  same 
as  1  and  22,  but  28  is  not  permanent.  If  we  are  content  with 
a  combination  containing  a  glass  which  is  not  permanent  we 
can  find  much  better  pairs  than  those  suggested  in  the  cata- 
logue.    For  example,  2  and  22  reduce  the  secondary  aberration 
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80  per  cent  with  moderate  curves ;  3  and  24:  by  90  per  cent 
with  still  smaller  curvatures ;  3  and  22  form  a  combination 
without  chromatic  aberration,  but  requiring  rather  deep  curva- 
tures ;  65  and  28  are  also  practically  perfect,  reducing  the  sec- 
ondary aberration  98  per  cent,  but  demanding  somewhat  deeper 
curves  than  the  last  pair. 

If,  however,  we  impose  the  condition  that  only  permanent 
glasses  shall  be  employed,  which  is  an  obviously  imperative 
condition  for  a  telescope  which  is  to  be  used  out  of  doors,  the 
range  of  choice  is  very  greatly  reduced.  The  only  pair  sug- 
gested in  the  catalogue  which  is  useful  from  this  point  of  view 
is  of  Nos.  8  and  26.  These  give  an  improvement  of  65  per 
cent  over  the  ordinary  objectives,  but  require  the  values 
A,=  10'7  A„=— 8  29  ;  this  combination  would  without  doubt 
be  very  useful  if  we  had  nothing  better.  The  above  table, 
however,  suggests  at  least  two  combinations  which  are  better, 
one,  that  of  30  and  37,  which,  like  8  and  25,  requires  unde- 
sirably deep  curves,  but  which  gives  an  improvement  of  98 
per  cent,  and  the  other  Nos.  14  and  27  which  yields  an  im- 
provement of  94  per  cent  and  demands  the  somewhat  more 
manageable  curvature  sums  of  9*78  and  —7*24. 

The  trustworthiness  of  the  data  of  the  catalogue  is  the  only 
further  element  which  we  need  to  consider,  since  all  the  above 
conclusions  rest  upon  them.  There  are  three  excellent  reasons 
for  placing  the  highest  confidence  in  them.  In  the  first  place, 
emanating  from  so  eminent  a  physicist  as  Professor  Abbe  they 
can  hardly,  by  any  possibility,  be  subject  to  systematic  errors, 
which  alone  we  have  to  fear.  Secondly :  If  we  arrange  the 
materials  according  to  their  optical  properties  as  given  in  the 
table  above  we  find  that  they  fall  into  groups  suggested  al- 
ready by  their  chemical  composition.  Thirdly :  In  the  various 
glasses  which  I  have  accurately  determined  the  data  of  the 
catalogue  are  exactly  what  they  pretend  to  be,  that  is,  the  errors 
of  the  indices  of  refraction  are  confined  to  the  fourth  place  of 
decimals,  and  the  differences  of  the  indices  to  the  fifth  place.    J 

Among  the  glasses  in  my  possession  are  the  Nos.  14  and  27, 
which,  according  to  what  appears  above,  form  a  most  advanta- 
geous combination.  Of  these  I  made  prisms,  determined  the 
optical  constants  with  great  precision,  and  then  calculated  an 
achromatic  objective.  There  were  two  questions  of  interest 
which  could  only  be  answered  by  trying  the  objective.  They 
were,  first,  whether  secondary  chromatic  aberration  reduced  to 
about  one-twentieth  of  its  ordinary  value  could  be  detected  by 
the  eye  :  and  second,  how  much  the  defining  power  of  such  an 
objective  would  surpass  that  of  the  familiar  type.  Thus,  al- 
though after  studying  the  prisms  and  computing  the  objective 
no  doubt  as  to  the  validity  of  the  conclusions  from  the  table 
remained,  it  was  highly  desirable  to  try  a  telescope  so  con- 
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structed  before  publishing  this  paper.  The  largest  objective 
which  could  be  made  of  the  pieces  in  my  poseession  was  of  2} 
inches  clear  aperture.  This,  though  smaller  than  desired,  was 
sufficient  to  give  a  fairly  satisfactory  answer  to  the  questions. 
Accordingly  the  glasses  were  worked  accurately  to  the  curva- 
tures  and  thicknesses  corresponding  to  the  computations  and 
mounted  for  use.  The  astonishing  beauty  of  the  images  in  the 
new  telescope  was  its  most  surprising  feature  at  first.  The 
familiar  purple  was  wholly  wanting,  or  at  least,  could  only  be 
recognized  with  the  closest  attention,  with  magnifying  powen 
greater  than  forty  to  the  inch  aperture,  and  on  objects  most 
suitable  to  its  exhibition.  But  the  moment  that  the  instm- 
ment  was  applied  to  astronomical  use  it  was  also  evident  that 
its  defining  power  was  remarkable.  The  companions  to  Polaris 
and  Rigel,  instead  of  being  objects  which  require  somewhat 
careful  looking,  as  is  the  case  with  my  eve  and  an  ordinary 
achromatic  of  the  same  aperture,  were  strikingly  plain.  More 
difficult,  but  certainly  seen,  was  the  fifth  star  in  i?  Orionis. 
The  binary  star  tj  Orionis  was  so  well  elongated  that  its  position 
angle  was  estimated  to  within  5°  of  its  true  value;  on  tne  other 
hand  f  TJrsai  Maj.  which  I  suppose  to  have  at  present  a  separar 
tion  of  1"'7,  was  divided  only  with  difficulty  on  a  fairly  good 
evening  though  it  was  supposed  that  it  would  be  easy.  Saturn 
showed  all  that  I  have  seen  with  an  admirable  telescope  of  con- 
siderably greater  apertures,  including  more  than  half  of  Ball's 
division,  the  ring  C,  a  single  belt  and  five  satellites  though 
Tetliys  and  Dione  have  not  been  seen  unless  they  had  an  elong- 
ation equal  or  greater  than  that  of  the  ena  of  the  ring. 
Khea  has  been  seen  in  conjunction.  By  reference  to  the  rec- 
ords of  many  observations  which  I  have  made  with  various 
telescopes  the  power  of  the  new  telescope  was  estimated  as 
eanivalent  to  a  3^  inch  objective  of  the  ordinary  construction. 
The  powers  used  varied  from  53  to  265  diameters  with  194  as 
the  most  satisfactory  for  Saturn  and  for  double  stars. 

Another  method  of  determining  the  relative  power  of  the 
telescope  was  by  comparing  the  distances  at  which  a  table  of 
logarithms  could  be  read  with  it  and  a  very  perfect  telescope 
of  2^  inches  aperture  made  a  number  of  years  ago,  and  with 
which  I  have  observed  a  great  deal.  Allowing  K>r  the  5  per 
cent  increase  in  size  in  the  new  instrument,  the  mean  of  tive 
tolerably  accordant  determinations  indicated  a  gain  of  23  per 
cent,  or  that  the  new  objective  was  equivalent  to  a  3f  inch  oV 
jective  of  the  ordinary  construction.  This  ratio  of  improve- 
ment is  doubtless  higher  than  would  generally  be  admitted  as 
possible  by  most  opticians,  but  it  must  stand  for  the  present  as 
the  best  value  attainable. 

Yale  University,  March,  1889. 
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'V.BT.  XXXn. — The  distribution  of  Phosphorus  in  the  Lud- 
ington  Mine^  Iron  Mountain,  Michigan  /  by  David  H. 
Browne.    With  Plates  VIII-XIII. 

Paper  read  before  the  American  Institute  of  Mining  Engineers  at  its  New  York 

Meeting,  February,  18S9.] 

One  of  the  most  difficult  problems  in  the  chemistry  of  iron 
)re,  and  one,  so  far  as  I  am  aware,  the  solution  of  which  has 
lever  been  attempted,  has  been  the  distribution,  throughout  the 
rein,  of  Bessemer  ore,  and  its  relation  to  the  formation  of  the 
leposit.  In  those  hematite  mines  in  which  both  Bessemer  and 
ion-Bessemer  ores  occur,  the  sorting  of  the  ore,  as  it  lies  in 
he  deposit,  becomes  a  problem  of  much  economic  as  well  as 
scientific  interest.  It  would  seem  from  a  superficial  examina- 
:ion,  or  indeed  from  any  examination  not  conducted  for  this 
especial  purpose,  as  if  high  and  low  phosphorus  ores  were 
nixed  in  inextricable  confusion ;  and  a  mining  chemist  is  very 
ipt  to  fall  into  a  system  of  adventitious  analyses,  taking  first- 
;lass  ore  wherever  he  can  find  it,  and  overlooking  its  relation 
:o  the  formation  and  position  of  the  vein.  I  hope  that  a  few 
lotes,  which  I  shall  present  on  this  subiect,  may  be  lound  worthy 
)f  consideration,  as  throwing  a  new  light  on  this  obscure  topic. 

During  the  last  three  years,  while  acting  as  chemist  of  the 
Lumberman's  Mining  Co.,  I  have  made  some  8000  analyses  of 
>re  from  the  Ludington  Mine,  at  Iron  Mountain,  Mich.  These 
malyses  were  necessary  in  order  to  separate  Bessemer  and 
ion-Bessemer  ore  which  occurred  intermixed  in  the  deposit. 
During  the  last  year  I  attempted  in  several  ways  to  find  some 
eason  or  method  in  the  distribution  of  phosphorus ;  and  have 
inally  become  cognizant  of  the  arrangement  herein  outlined. 
[  have  been  obliged  to  confine  my  attention  to  one  mine,  and 
)f  that,  to  that  portion  wherein  the  commercial  quality  of  the 
)re  was  such  as  to  demand  systematic  sampling  and  analysis. 
The  analyses,  therefore,  and  the  conclusions  drawn  therefrom, 
ire  given  merely  as  facts  found  to  exist,  and  I  do  not  claim 
;hat  such  sequence  as  I  have  noticed  will  obtain  in  all  or  every 
*ase.  I  simply  state  what  results  I  have  obtained  in  an  inves- 
;igation  carefully  conducted,  and  I  give  some  conclusions  to- 
svard  which  the  data  seem  to  lead. 

The  Ludington  mine,  like  most  on  the  Menominee  Range, 
consists  of  several  lenticular  deposits  of  soft  blue  hematite. 
These  deposits  are  contained  between  clay  slates,  which  con- 
:orm  with  the  Huronian  strata  represented  in  thci  district. 
The  main  deposit  is  about  700  feet  in  length  and  perhaps  60 
:eet  in  width.  It  strikes  N.  75°  W.,  pitches  45°  west,  and  dips 
Prom  70°  to  80°  N.    The  ore  is  a  very  rich,  soft,  friable,  bluisn- 
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black  hematite,  occurring  in  thin  laminse,  which  cleave  very 
readily  from  each  other  in  the  direction  of  the  strike.  These 
layers  alternate  in  places  with  thin  seams  of  calciam-ma^esinm 
carbonate.  The  ore  analyzes  from  65  to  68  per  cent  m  iron, 
in  silica  from  1  to  4  per  cent,  and  in  phosphorus  from  •005  to 
•200.  'The  ore  is  separated  into  Bessemer  and  non-Bessemer; 
about  one-half  falling  below  'OSS  phosphorus ;  the  rest  aver- 
aging about  -075.  At  first  sight,  the  ore  upon  analysis,  seemed 
to  have  no  regularity  whatever  in  percentage  of  phosphorns. 
A  room  as  stopped  up,  would  change  from  Bessemer  ore  to  non- 
Bessemer,  or  vice  versa  in  a  way  at  first  totally  inexplicable. 

The  fact  that  phosphorus  exists  as  calcium  phosphate  led  me 
to  infer  that  some  proportion  between  the  percentage  of  lime 
and  phosphorus  might  be  found  to  exist ;  but  such  inference 
was  not  verified  in  practice.  An  ore  containing  2  per  cent  of 
lime  may  contain  almost  no  phosphorus,  or  may  run  nigh  above 
Bessemer  limit.  Nor  was  any  proportion  manifest  between  the 
percentages  of  iron  or  silica  and  phosphorus.  I  have  noticed 
jasper  vary  as  much  in  percentage  of  phosphorus  as  any  iron 
ore,  and  similarly  a  lean  ore  isjust  as  likely  to  be  Bessemer  as 
non-Bessemer.  The  only  diflference  I  could  find  between 
Bessemer  and  non-Bessemer  was  this :  As  a  rule  a  soft  bine 
hematite  high  in  phosphorus,  has  a  brighter  and  more  specular 
appearance  than  non-Bessemer  ore  of  the  same  value  in  iron. 
This  distinction,  slight  as  it  is,  will  not  always  hold  good,  and 
the  separation  of  such  ores  must  be  guided  solely  by  chemical 
analvsis. 

The  fact  that  a  bright  ore  was  high  in  phosphorus,  and  that 
such  ore  was  generally  found  near  the  hanging  wall  led  me  to 
search  for  some  regularity  of  phosphorus  distribution,  depen- 
dent upon  the  position  of  the  ore.  After  making  analysis  of 
the  ore  from  any  room,  drift  or  winze,  I  marked  the  ])ercent- 
age  of  phosphorus  in  a  map  of  that  portion  of  the  mina  Hav- 
ing thus  obtained  a  chemical  map  of  each  room,  I  noticed  in 
each  a  certain  regularity  which  seemed  to  me  to  throw  con- 
siderable light  both  Upon  this  problem  of  phosphorus  distri- 
bution, and  upon  the  vexed  question  of  the  method  of  formation 
of  the  hematite  ore  deposits. 

In  order  to  give  a  clear  idea  of  this  relation  I  must  first  state 
a  few  facts  with  regard  to  the  physical  features  of  the  deposit 
As  previously  stated,  the  so-called  "  veins "  of  the  Ludington 
mine  stand  nearly  vertical,  dipping  north  and  pitching  west.  A 
horizontal  cross  section  of  the  ore-body  shows  it  to  form  an 
elongated  lens  about  65  feet  in  thickness  at  the  center,  ta- 
pering to  an  acute  point  at  both  ends  (tig.  1).  A  vertical  cross 
section  shows  the  dip  to  the  north,  and  also  the  fact  that  the 
hanging  wall  is  more  curved  than  the  foot.  A  cross  section  of 
the  Chapin  Mine,  which  possesses  the  same  physical  features, 
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shows  this  very  plainly  (fig.  2).  A  horizontal  cross  section  of 
several  small  veins  shows  that  the  hanging  wall  curves  toward 
the  foot  On  large  veins  the  strata  have  been  subjected  to  so 
much  flexion  that  this  curvature  is  not  clearly  seen,  but  on 
small  veins  it  is  unmistakeable  (see  fig.  1,  a).  I  must  here  state 
that  in  the  greater  number  of  veins  on  the  Menominee  Range 
the  dip  is  to  the  south,  and  hence  what  is  called  the  hanging 
wall  in  the  Chapin  and  Lndington  Mines  answers  in  them  to 
foot  wall.  If  we  attempt  to  make  an  ideal  vertical  longitudi- 
nal section  of  the  ore  deposits  it  seems  to  have  the  shape  given 
in  figure  3.  A  study  of  the  eastern  and  western  limits  oi  the 
Chapin  Mine  seems  to  verify  this  idea.  Figure  18  shows  a  ver- 
tical lon^tudinal  section  of  a  small  vein  in  which  this  shape  is 
very  noticeable.  The  ore  will  now  be  understood  to  lie  in  the 
form  of  lenticular  deposits  dipping  north,  and  pitching  west. 
With  regard  to  the  content  of  phosphorus :  the  first  thing 
noticeable  was  that  if  a  room,  in  stoping  up,  changed  from 
non-Bessemer  to  Bessemer  ore,  such  change  was  liable  to  occur 
at  the  footwall  side  of  the  room.  In  making  maps  of  those 
rooms  in  which  change  occurred  it  was  also  noticeable  that  the 
ore  at  the  eastern  end  of  the  rooms  was  higher  in  phosphorus 
than  that  at  the  western  end.  The  most  typical  room  was  No.  7 
Room,  2  Shaft,  5th  Level,  which  is  outlined  in  figure  4.  This 
room  was,  if  I  remember  aright,  about  3^  sets  from  east  to 
west  and  four  sets  from  footwall  to  hanging.  A  set,  I  may  say, 
is  a  space  8  by  8  by  8  feet,  outlined  by  the  timbers  used  to  sup- 
port the  back.  From  the  ground  plan  of  this  room  it  will  be 
noticed  that  the  ore  showed  a  marked  regularity  of  formation. 
Follow  the  course  of  the  hanging  wall,  and  trace  the  increase  of 
phosphorus  from  '068  at  the  west  hanging  wall  set  to  '078,  086, 
•100  and  finally  '156  on  the  east  hanging  wall  set.  Such  increase 
is  also  noticeable  in  the  ore  in  entry  from  060  to  '096  and, 
though  less  plainly  on  the  footwall  from  -020  to  '032.  Beside 
this  regularity  there  is  a  corresponding  increase  from  footwall 
to  hanging.  Notice  the  gradual  change  from  '032  and  '028  on 
the  foot,  to  -045  and  '040  in  the  middle  and  156  and  '068  on 
the  hanging  wall.  On  inspection,  figures  4  to  16  will  also  show 
the  same  peculiarity  and  a  large  number  of  average  analyses 
corroborate  the  conclusion  that  in  this  mine,  as  a  rule,  the  ore 
increases  in  percentage  of  phosphorus  from  footwall  to  hang- 
ing wall,  and  generally  speaking  from  west  to  east.  It  fre- 
quently happens,  however,  that  a  streak  of  high  or  low  phos- 
phorus ore  crosses  a  room  from  west  to  east,  as  in  figures  4,  14, 
and  15,  This  seems  to  be  due  to  the  fact  that  one  or  more  in- 
dividual layers  of  ore  were  originally  very  high  or  very  low  in 
phosphorus,  and  such  individuality  has  not  been  observed  by 
subsequent  changes.     Moreover  irregularity  is  very  frequently 
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noticed  in  the  direction  from  west  to  east  Sometimes  a  de- 
crease is  manifest,  and  sometimes  an  increase,  these  being  both 
easily  accountable  for.  The  analyses  taken  from  west  to  east 
are  not  nearly  so  regular  and  uniform  as  those  taken  from  foot 
to  hanging  wall ;  nor  is  this  to  be  wondered  at ;  for  since  the 
layers  of  ore  present  smooth  surfaces  in  the  direction  of  the 
walls,  analysis  taken  along  a  series  of  sets  on  the  footwall  will 
represent  roughly  analyses  of  at  most  a  very  few  layers  of  ore. 
In  driving  a  drift,  or  stoping  a  room,  or  sinking  a  winze,  on 
the  other  hand,  where  analyses  are  made,  averages  are  taken  of 
a  large  number  of  separate  deposits,  and  as  th^ese  deposits  are 
much  flexed  and  broken,  the  analyses  show  little  correspondence. 
In  the  breast  of  a  drift  8  feet  wide,  supposing  each  layer  of  ore 
has  a  thickness  of  half  an  inch,  there  will  present  tnemselves 
for  analysis  the  edges  of  no  less  than  192  layers  ;  and  in  con- 
sequence more  confusion  is  liable,  and  does  occur,  in  analyses 
taken  east  and  west  than  in  those  taken  north  and  soath. 

Having  obtained  thus  a  general  idea  of  how  the  lines  of 
phosphorus  tend  in  two  directions  ;  the  next  question  natarallv 
IS,  what  would  be  the  lines  of  equal  phosphorus  content  in  any 
individual  layer  of  ore.  These,  for  want  of  a  better  term  1 
have  herein  been  obliged  to  term  "  isochemic  lines."  It  is 
evident  that  analyses  of  ore  in  the  breast  of  a  drift,  or  in  the 
bottom  of  a  winze,  would  not  give  any  clue  to  the  isocheinic 
lines  in  a  particular  stratum  of  ore,  but  would  show  the  average 
of  several  hundred  separate  strata.  It  is  also  evident  that  no 
analysis  would  accurately  represent  the  composition  of  a  par- 
ticular layer,  unless  this  layer,  in  no  case  over  half  an  inch, 
and  rarely  over  one-quarter  inch  in  thickness,  could  be  followed 
by  chemical  analysis  along  drifts,  and  up  slopes,  and  down 
winzes  and  shafts,  for  a  distance  in  some  way  proportionate  to 
the  extent  covered  by  the  deposit  of  which  it  forms  an  infin- 
itesimal thickness.  This  would  be,  and  for  me  was,  practically 
impossible.  For  analyses  to  be  of  commercial  value,  must 
show,  not  the  amount  of  constituents  in  any  particular  stratum 
of  ore,  but  the  average  of  that  amount  of  ore  which  a  gang  of 
men,  working  under  contract,  can  take  out  of  a  given  room, 
before  other  analyses  be  made.  For  this  reason  1  have  been 
obliged  to  confine  myself  to  analyses  which  represent  averages 
of  a  large  number  of  layers ;  and  from  these  analyses  I  have 
endeavored  to  outline  the  probable  distribution  of  phosphoros 
in  the  separate  strata.  It  is  plain  that  if  any  single  layer  of 
ore  shall  have  its  percentage  of  phosphorus  in  some  way  modi- 
fied by  its  method  of  deposit,  every  other  layer  subjected  to 
the  same  conditions  will  be  in  similar  manner  modined,  and 
consequently,  analyses  representing  average  of  a  large  number 
of  strata  will  show  the  characteristics  common  to  each  indi- 
vidual stratum. 
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In  sinking  a  winze  in  No.  1  Boom,  6  Shaft,  6^  Level,  the 
following  facts  were  noticed.  The  drift  mnning  east  from  the 
winze  showed  ore  running  from  '015  phosphorus  to  -030 ;  the 
winze  as  sunk  passed  through  ore  running  from  '015  t6  '029. 
Lines  drawn  from  the  point  in  the  drift  where  a  certain  per- 
centage of  phosphorus  was  noticed  to  a  corresponding  point  in 
the  winze  showed  an  angle  of  about  45°  with  the  horizon. 
Also  in  sinking  a  winze  in  No.  2  R.,  6  8h.,  5^  Level,  similar 
lines  of  equal  chemical  composition  were  noticed.  (See  tig. 
20.)  In  sinking  5  shaft  from  the  7th  to  the  8th  Level,  and  m 
sinking  the  winzes  in  No.  1  and  No.  2  Rooms  it  was  noticed 
that  the  winzes  passed  through  ore  previously  met  with  in 
drifts  and  winzes  to  the  east.  These  isochemic  lines  will  be 
easily  seen  in  figure  21.  If  now  we  take  a  small  vein  as  that 
composing  No.  4  and  No.  5  Rooms,  A  shaft,  6  Level,  and  at- 
tempt to  outline  the  isochemic  lines  in  the  plane  of  the  winzes 
the  regularitv  is  at  once  patent.  On  the  entry  the  first-class 
ore  was  confined  to  the  last  set  west  in  the  room.  As  the  room 
stoped  up,  this  first-class  ore  was  thrown  more  to  the  center  of 
the  room.  The  course  of  the  isochemic  lines  is  very  plainly 
indicated  by  the  average  analyses  marked  in  the  map  of  this 
room.  (Fig.  18.)  The  nrst-class  ore  continues  steadily  along  the 
western  boundary  of  the  room,  and  the  high  phosphorus  ore  as 
steadily  follows  the  course  of  rock  to  the  east.  A  winze  sunk 
in  the  room  showed  all  the  changes  from  low  to  high  phos- 
phorus, previously  met  with  east  of  the  winze  in  the  entry. 
Analyses  taken  from  a  small  and  very  characteristic  lens  of 
ore  forming  No.  4  Room,  1  Shaft,  6  Level,  shows  very  clearly 
the  tendency  of  isochemic  lines  to  run  in  the  same  direction 
as  the  pitch  of  the  ore,  and  also  the  tendency  of  phosphorus 
to  increase  toward  the  upper  part  of  the  deposit  (Figs.  10 
and  11.) 

In  attempting  to  draw  up  a  vertical  longitudinal  section  of 
the  western  end  of  the  deposit,  the  principal  difficulty  lay  in 
reducing  so  many  analyses  to  the  same  plane.  In  consequence 
of  the  impracticability  of  attempting  to  represent  every  anal- 
ysis taken,  and  its  relation  to  others  in  the  same  vein,  I 
nave  been  obliged  to  select  those  analyses  which  represent  av- 
erages; and  in  the  vertical  longitudinal  sections  of  various 
rooms  the  figures  entered  in  the  map  represent  average  percent- 
age in  phosphorus  of  the  ore  in  that  particular  place  covered 
by  the  figures,  and  in  the  plane  through  which  section  is  made. 
Fig.  19  gives  the  detail  of  various  averages  in  1  and  2  Rooms, 
5  Shaft  While  the  ore  left  in  the  pillars  has  not  been  subjected 
to  analysis,  I  have  for  the  sake  of  clearness  drawn  through 
the  pillars  the  isochemic  lines  indicated  by  the  percentages  in 
phosphorus  in  the  rooms  which  they  support.     Figure  23  is  an 
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attempt  to  outline  the  curvature  of  isochemic  lines  in  the 
course  of  5  shaft  from  the  surface  to  the  8th  level.  I  hare 
in  my  possession  detail  maps  of  the  chemistry  of  the  ^tire 
course  of  No.  5  shaft,  showing  the  percentage  of  phosphorus 
in  every  eight  feet  cube  of  ore  removed.  As  it  would  be 
impossible  to  reduce  this  map  to  the  size  of  the  engravings 
required  for  an  octavo  page  and  preserve  at  the  same  time 
the  clearness  of  the  figures  therein,  I  have  been  obliged 
in  drawing  Maps  18,  19,  20  and  21,  to  omit  more  than  two- 
thirds  of  the  figures  in  the  original  drawings.  Figure  23 
will  be  understood  then,  simply  as  an  outline  sket^  By 
actual  measurement  the  distances  along  various  levels,  throngli 
which  certain  average  percentages  of  phosphoras  obtained 
have  been  carefully  ascertained,  And  the  exact  points  where 
change  from  Bessemer  ore  to  non-Bessemer  occurred  located 
upon  the  section  map  to  correspond.  The  curvature  of  the 
isochemic  lines,  therefore,  is  in  accurate  correspondence  with 
the  course  of  high  and  low  phosphorus  throughout  the  western 
end  of  the  Ludington  mine.  The  drawing  of  various  rooms 
and  pillars  is  in  this  map  omitted.  The  curving  lines,  when 
<5lo8e  together,  represent  high  phosphorus  ore ;  the  arrows  in- 
dicate direction  of  Bessemer  ore ;  and  the  figures  represent 
averages  of  several  hundred  analyses  for  phosphorus  taken  in 
the  immediate  neighborhood  indicated  thereby. 

From  this  figure  (23)  it  will  be  noticed  that  on  the  upper 
levels  the  greater  portion  of  the  ore  is  non-Bessemer.  At  the  ' 
west  end  of  the  mine,  a  small  streak  of  Bessemer  ore  folloT^ 
the  shaft,  gaining  toward  the  west  until  the  4^  and  5th  levels 
are  reached,  where  the  Bessemer  ore  flexes  toward  the  east  and 
merges  into  the  broad  current  of  first-class  ore  which  flows 
upward  and  eastward  from  the  lower  levels  of  5  shaft.  The 
non-Bessemer  ore  follows  the  western  boundary  of  rock,  and 
seems  to  accumulate  also  in  shoals  outlined  by  projections  ur 
intnisions  of  jasper,  which  break  the  flow  of  the  current 

On  stoping  up  No.  1  Room,  7th  Level,  thix)ugh  ore  gradually 
increasing  in  phosphorus,  a  seam  of  rock  was  encountered. 
As  analysis  of  the  drift  over  head  had  shown  low  phosphorns. 
and  the  shaft  50  feet  to  the  left  had  passed  through  Bessemer 
ore,  I  concluded  that  the  ore  above  this  rock  would  be  of 
first-class  quality.  This  prediction  was  made  entirely  on  the 
supposed  consistency  and  continuity  of  isochemic  lines,  as  no 
ore  n ad  been  taken  from  above  this  rock  for  analysis.  I  was 
at  this  point  called  to  New  York  on  business,  and  before  leaT- 
ing,  left  word  with  the  mining  captain  that  any  ore  found 
above  this  rock  should  be  sent  up  tor  first-class  ore.  On  re- 
turning to  the  mine  three  weeks  later  I  found  that  this  rock 
had  been  pierced  and  some  200  tons  of  ore  from  over  head 
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sent  up  and  dumped  upon  the  Bessemer  stock  pile.  Analysis 
of  this  ore  showed  it  to  be  from  -Oil  to  '027  pnoa  which  will 
be  seen  to  agree  with  other  analyses  along  this  isochemic  line. 
(Fig.  21.) 

Below  this  7th  Level  the  intrusion  of  rock  seems  to  have 
caused  an  inflow  of  non-Bessemer  ore.  It  appears  as  if  the 
rock  had  formed  in  shoal  water  on  its  lower  side,  and  into  this 
shallow  the  calcium  phosphate  had  drifted.  I  have  noticed  in 
a  lar^  number  of  instances  this  tendencv  of  rock  occurring 
as  vein  matter  to  alter  the  percentage  of  phosphorus  in  the 
adjoining  ora  In  fact  I  do  not  know  of  any  case  wherein  a 
horse  of  jasper  did  not  in  some  way  alter  the  proportion  of 
phosphorus  m  the  ore  penetrated  thereby.  The  statement  that 
nigh  phosphorus  follows  rock  is  one  which  will  be  corroborated 
by  any  one  familiar  with  the  mine  under  consideration. 

Another  fact  I  must  state  is  this  :  On  the  upper  levels  of  No. 
5  shaft  almost  all  the  ore  was  exceedingly  high  in  phosphorus. 
The  ore  found  on  the  lower  levels  shows  a  greater  uniformity, 
the  difference  between  Bessemer  and  non-Bessemer  ore  being 
less  evident  than  on  the  upper  levels.     It  was  no  uncommon 
occurrence  on  the  third  and  fourth  levels  to  find  streaks  of  ore 
as  high  as  '350  phosphorus.    Now  such  ore  is  very  rarely  met 
with.     The  average  of  non-Bessemer  ore  in  the  west  end  of 
the  open  pit  and  the  upper  levels  of  No.  5  shaft  was  some- 
where near  '150  phospnorus.     The  averages  of  non-Bessemer 
at  present  obtained  is  probably  '075  or  -080.     Again,  on  the 
upper  levels  the  greater  part  of  the  ore  near  No.  5  shaft  was 
non-Bessemer ;  at  present  the  converse  is  the  case,  the  first-class 
ore  occupying  the  greater  portion  of  the  deposit.     To  state  in 
general  terms,  the  tendency  of  the  phosphorus  on  this  vein 
seems  to  be  to  increase  with  the  distance  from  the  lower  point 
of  the  deposit.     This  is  not  true  of  the  eastern  end  of  the  de- 
posit, at  No.  1  shaft,  in  which  the  upper  levels  are  largely 
Bessemer  ore.     This  seems  due  to  the  fact  that  a  horse  of  rock 
splitting  up  the  deposit  has  thrown  the  current  of  Bessemer 
ore  to  tne  east.     Tiiis  Bessemer  ore,  occurring  on  the  upper 
levels  of  No.  1,  is  of  the  same  content  in  phosphorus  as  that 
on  the  5th  and  6th  levels  of  No.  5  Shaft,  and  the  high  phos- 
phorus ore  on  the  lower  levels  of  No.  1  is  the  same  as  that  now 
being  met  with  on  the  7th  and  8th  levels  of  No.  5  shaft. 
Fig.  23. 

In  endeavoring  to  correlate  these  isochemic  lines  with  the 
physical  phenomena  of  the  deposit,  the  only  theory  which  will, 
to  my  mind,  furnish  adequate  explanation,  is  that  of  aqueous 
deposition.  The  easy  longitudinal  cleavage  of  the  lammsB  of 
ore,  the  curvature  in  smaU  veins  of  the  nanging  wall  toward 
the  footwall,  and  the  hydrated  muddy  look  of  the  ore  next 
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the  footwall,  all  seem  to  indicate  that  the  ore  was  deposited 
in  hollows  of  the  exposed  slates  which  now  form  the  hflnging 
wall.  Furthermore  since  it  is  well  understood  that  the  almost 
uniform  tendency  of  all  deposits  east  of  the  Mississippi  River 
is  in  a  line  from  southwest  to  northeast,  it  is  very  probable  that 
this  deposit,  as  originally  laid  down,  was  no  exception  to  the 
general  rule.  If  we  suppose  that  the  ore  was  formed  in  hollows 
m  the  hanging  wall,  and  was  covered  by  the  footwall  slates 
and  that  this  bed  has  been  tilted  up  from  the  north  side, 
through  an  angle  of  100°  to  110°,  it  will  be  readily  understood 
that  the  original  trend  of  the  deposit  becomes  the  complemem 
of  the  present  pitch  of  the  ore.  This  supposition  explaiu* 
also  the  strike  of  N.  75°  W.,  and  the  fact  that  what  is  now  the 
hanging  wall  seems  to  have  been  the  original  bed  of  deposit. 
It  is  improbable  that  the  tilting  has  been  from  the  south  side 
upwards  through  an  angle  of  70°  to  80° ;  for  if  this  had  been 
the  case  the  ore  would  pitch  east  at  the  same  angle  at  which  it 
now  pitches  west. 

In  the  American  Journal  of  Science  for  January,  1889,  Pro- 
fessor Van  Hise  suggests  that  the  soft  ores  of  the  Grogebie 
range  have  been  formed  by  the  action  of  percolating  waters 
containing  carbonic  acid,  which,  acting  upon  previously  de^ 
posited  carbonate  of  iron,  has  dissolved  iron  therefrom ;  and 
this  dissolved  iron  has  been  precipitated  by  oxygen-bearing,  or 
alkaline  waters  from  the  surface.  This  theory,  while  seeming 
to  explain  the  formation  in  the  Gogebic  mines  studied,  seeuw 
less  probable  as  applied  to  the  mines  on  the  Menominee  Range. 
Here  the  ore  rests  directly  upon  clay  slates  containing  none  of 
the  unaltered  carbonates  found  in  the  Gogebic  Range.  The 
ore  also  lies  not  in  trough-like  formations,  but  in  r^gu£r  basins 
of  lenticular  shape.  The  ore  exhibits  none  of  the  nodular 
form  spoken  of  m  Professor  Van  Hise's  paper,  and  the  strati- 
fication is  remarkably  even  and  regular. 

The  suggestion  made  by  Mr.  R.  D.  Irving  in  the  American 
Journal  of  Science  for  Oct.,  1886,  that  the  ore  has  been  washed 
into  its  present  position  from  previously  precipitated  beds  of 
carbonate,  seems  to  me  very  plausible,  and  is  borne  out  in  a 
large  measure  by  the  chemistry  of  the  ore  body.  I  should, 
however,  suggest  this  change,  that  the  original  deposits  of  iron 
and  lime  were  not  as  crystallized  siderite  and  calcite,  but  as 
hydrous  oxide  and  carbonate  of  iron  with  intermixed  calcareooB 
deposits.  This  finds  analogy  in  the  formation  of  beds  of  bog 
iron  ore  in  the  present  day.  It  is  worthy  of  note  that  such 
beds  of  altered  bog  ore  do  exist  in  the  Huronian  strata  repre- 
sented in  the  upper  Peninsula  of  Michigan.  Any  one  familiar 
with  the  non-Bessemer  ores  of  the  western  end  of  the  Meno- 
minee Range  must  have  been  struck  with  the   remarkable 
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difference  between  these  ores  and  the  soft  blue  hematites  oc- 
curring east  of  the  Menominee  Kiver.  The  ore  taken  from 
the  Kanaimo,  Paint  Kiver,  Iron  Kiver,  and  other  non- Bessemer 
mines  has  all  the  non-laminated,  massive,  porous,  reddish-yellow 
appearance  of  an  altered  bog  ore.  With  this  also  the  frequent 
occurrence  of  graphite,  the  high  phosphorus,  the  intermixed 
calcareous  matter,  and  the  low  percentage  of  iron  seem  to 
agree.  From  such  beds  as  these,  1  incline  to  think  the  iron  of 
our  soft  blue  hematite  mines  has  been  carried.  It  is  interesting 
to  notice  how  this  supposition  is  strengthened  by  chemical 
proofs.  I  have  often  noticed  that  verv  dilute  solutions  of  hot 
acids  will  dissolve  from  an  ore  almost  all  of  its  phosphorus,  with 
only  a  slight  percentage  of  iron.  Indeed  it  is  possible,  in  this 
way,  to  remove  and  estimate  the  phosphorus  without  bringing 
the  ore  into  solution.  Nor  is  acid  alwavs  necessary,  for  in  a 
large  number  of  instances  also  verified  by  experiment  I  have 
found  that  ore  exposed  for  several  years  to  the  weather  will 
have  appreciable  amounts  of  phosphorus  dissolved  and  removed. 
Now  if  water  acidulated  by  carbonic  acid  acts  on  a  bed  of  bog 
ore,  it  will  carry  therefrom  a  large  amount  of  phosphorus  in 
proportion  to  the  amount  of  iron  removed.  If  such  thermal 
water  flows  into  a  shallow  valley  or  lake,  the  acid  will  be  lost 
by  evaporation,  and  precipitation  of  phosphorus  and  iron  will 
take  place. 

The  theory  of  aqueous  deposit  of  these  ore  bodies,  as  drawn 
from  chemical  evidence,  is  then  briefly  as  follows.  From  pre- 
viously deposited  beds  of  bog  iron  ore,  by  the  action  of  acidu- 
lated water,  iron,  lime,  silica  and  phosphorus  were  dissolved. 
The  first  solution  contained  a  large  amount  of  phospliorus  in 
roportion  to  the  amount  of  iron  dissolved.  On  coming  into 
oUows  in  the  surface  of  the  exj^osed  slates,  the  acid  solution, 
losing  acid  by  evaporation,  deposited  iron,  as  hydrated  oxide, 
which  carried  down  an  amount  of  phosphorus  proportionate  to 
the  amount  of  iron  precipitated.  As  the  acid  became  still 
weaker  crystals  of  carbonate  of  lime  and  magnesia  settled  out, 
forming  a  layer  of  carbonates.  A  second  inflow  of  water 
would  tend  to  dissolve  these  carbonates  and  precipitate  another 
layer  of  iron.  In  similar  manner  by  successive  inundatious  the 
depression  became  filled  with  alternating  layers  of  iron  ore 
and  calcium-magnesium  carbonates,  each  layer  being  as  a  rule 
lower  in  phosphorus  than  the  preceding  one.  As  the  carbon- 
ates were  more  soluble  than  iron,  the  probability  is  that  the 
greater  portion  was  replaced  by  iron  ore.  Moreover  as  both 
calcium  and  iron  phosphate  are  of  lower  specific  gravity,  and 
more  soluble  than  the  hydrated  oxide  of  iron,  the  tendency  of 
the  water  was  to  carry  these  phosphates  toward  the  lower 
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end  of  the  lake,  and  to  deposit  them  in  shallow  water,  along 
banks  of  previously  precipitated  silica,  and  in  places  where 
evaporation  was  most  rapid.  By  reference  to  fig.  23,  it  will 
be  seen  that  those  parts  oi  the  deposit  where  the  current  mngt 
have  been  deep  ana  unbroken  are  low  in  percentage  of  phos- 
phorus, while  the  high  phosphorus  as  a  rule  occurs  where  the 
deposit  is  shallow  or  the  ore  pinched  out  by  rock.  After  the 
deposition  was  complete,  further  action  of  the  water  would 
stir  up  the  upper  layers  of  ore,  and  mix  them  with  suspended 
sand  or  clay,  while  tlie  iron  and  phosphorus  were  carried  far- 
ther along  to  be  deposited  in  other  depressions  to  the  northeast 
As  jasper  occurs  as  vein  matter,  and  in  laminae  cleaving  in 
the  same  line  as  the  ore,  it  would  seem,  either  that  the  jaspr 
had  been  produced  by  precipitation  with  the  iron,  or  tnat 
subsequent  action  of  water  has  eroded  the  beds  of  iron  thus 
formed  and  substituted  silica  for  the  iron  removed. 

A  study  of  the  vein  map  of  the  6th  level  at  the  Ludin&rtoD 
mine,  on  which  level  almost  the  entire  deposit  was  replaced  bv 
jasper,  and  in  consequence  the  formation  of  the  jasper  wjl« 
most  evident,  seems  to  show  that  the  jasper  is  a  later  formation 
than  the  ore.  It  will  be  seen  by  re:ference  to  fig.  17  that  the 
jasper  deposit  widens  toward  the  footwall.  A  large  horse  of 
jasper  occurring  in  the  ore  at  the  eastern  end  of  the  vein  shows 
this  very  plainly.  This  w^ould  seem  to  indicate  that  at  a  time 
when  the  ore  deposit  was  about  half  its  present  width  an  inflow 
of  silica-b«»aring  water  eroded  the  ore  deposit  and  deposited 
silica  in  piace  of  the  iron  abstracted.  The  greater  width  of  the 
jasper  at  the  footwall  also  suggests  an  erosion  of  the  original 
ore  bed  and  a  subsequent  deposition  of  sihca.  Had  the  silica 
been  the  jmniary  dei)Osit  the  ore  would  be  widest  at  the  foot- 
wall instead  of  at  the  hanging. 

The  explanation,  however,  of  the  deposits  of  silica  bedded 
in  the  same  plane  with  the  ore,  in  some  cases  stopping  sharply 
against  ore,  m  others  merging  graduallj^  into  it,  is  at  present  a 
very  ditheult  problem.  The  explanation  suggested  by  Prof. 
Van  Ilise  seems  to  me  more  satisfactory  than  any  other,  with 
the  i)rovision,  however,  that  subsequent  erosion  must  be  taken 
into  consideration.  Wliatever  explanation  of  the  horses  of 
jasper  be  adopted,  it  is  evident  that  both  ore  and  jasper  after 
formation  were  covered  by  the  slates  and  other  superincum- 
bent strata,  and  in  some  local  upheaval  tilted  up  from  the 
north  and  brought  into  their  present  position. 

The  erosion  ()f  the  (Tlacial  period  removing  several  hundred 
feet  of  the  outcropping  strata  nas  cut  away  a  large  part  of  the 
original  deposits,  and  from  the  ore  thus  eroded  nave  been 
formed  the  surface  deposits  or  washes  of  ore  found  at  Keel 
Kidge,  Quinnesse  and  2sorway  mines. 
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The  subsequent  action  of  water  upon  the  upturned  edges  of 
the  eroded  deposit  would  of  course  in  large  measure  modify 
the  chemical  peculiarities  of  the  ore.  This  is  proved  by  the 
fact  that  the  greatest  regularity  of  isochemic  lines  is  manifest 
where  the  ore  is  shielded  from  surface  water  by  the  overhang 
of  the  western  jasper; -and  by  the  fact  that  at  the  eastern  end 
of  the  mine  where  the  ore  has  been  exposed  under  the  drift, 
this  regularity  is  not  so  manifest.  That  the  original  direction 
of  deposition  was  from  west  to  east  is  shown  by  the  occurrence 
underground  of  strong  streams  of  water  flowing  from  the  rock 
at  the  western  extremity  of  the  ore  deposit. 

The  theory  of  aqueous  deposit  will  explain,  as  will  no  other, 
the  marked  regularity  of  isochemic  lines  and  their  peculiar 
curves,  the  regular  decrease  of  phosphorus  from  hanging  wall  to 
foot,  the  alternation  of  carbonate  oi  lime  and  oxide  of  iron,  the 
ripple-marked  hanging  wall,  the  uniform  lamination  of  the  ore 
and  the  hydrated  muddy  deposit  next  the  footwall.  It  also 
suggests  explanation  of  the  general  features  of  the  Menominee 
Range,  and  the  gradual  change  from  high  phosphorus  and  low 
iron  ores  resembling  altered  bog  ores  at  its  western  extremity, 
through  regular  deposits  of  high  iron  and  lower  phosphorus,  to 
the  immense  w^ashes  and  surface  deposits  of  exceedingly  low 
phosphorus  ore  which  mark  its  eastern  termination. 

The  conclusions  herein  given  are  not  intended  as  general  and 
applicable  to  all  cases.  They  are  intended  simply  as  an  expla- 
nation of  certain  chemical  phenomena  noticed  in  a  careful 
study  of  the  Ludington  mine.  Whether  such  tendencies  would 
be  found  in  other  mines  I  am  not  prepared  to  say ;  but  the  fact 
that  irregularity  of  chemical  composition  has  been  often  noticed 
does  not  preclude  the  possibility  of  a  method  or  law  of  irregu- 
larity existing.  I  incline  to  think  that  careful  and  systematic 
chemical  research  applied  to  the  soft  ore  deposits  of  the  upper 
Peninsula  would  bring  to  light  many  interesting  facts  with 
regard  to  their  manner  of  deposit,  and  would  lead  to  a  more 
thorough  understanding  of  one  of  the  most  practical  and 
interesting  problems  of  economic  geology. 

EXPLANATION    OF   FIGURES.       PLATES    VIII   TO   XIII. 

Fig.  1.  Horizontal  cross  section  of  small  vein. 

Fig.'  la.  Horizontal  cross  section  of  vein  showing  curvature. 

Pig.  2.  Vertical  cross  section  of  same,  showing  curvature  of  hanging  wall. 

Fig.  3.  Vertical  longitudinal  section  showing  form  of  hollows  in  which  ore  is 
deposited     This  section  is  ideal,  but  corresponds  with  several  known  sections. 

Figs.  4-16.  Horizontal  cross  sections  of  various  rooms  in  the  Ludington  mine. 
In  all  figures  the  hanging  wall  is  toward  the  top  of  the  plate,  and  the  west  end 
toward  the  left,  as  shown  in  flg.  4.  Figures  indicate  percentages  of  phosphorus 
in  the  ore  removed. 

Kg.  18.  Vertical  longitudinal  section  of  No.  6  room,  A  shaft,  6  level,  in  the 
plane  of  the  winzes,  showing  curvature  of  isochemic  lines.  The  figures  show 
percentage  of  phosphorus  in  the  ore  at  the  poiuts  indicated. 
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Fig.  19.  Yertical  loDgitudinal  section  of  5  shaft  between  the  5th  snd  6th 
leyels.    Dotted  lines  are  lines  of  eqoal  chemical  composition. 

Fig.  20.  Vertical  longitudinal  section  of  5  shaft  between  5^  and  6  levels,  blow- 
ing ore  in  winzes  and  its  relation  to  ore  in  drifts. 

Fig.  21.  Vertical  longitudinal  section  of  6  shaft  between  the  tth  and  8th  le^ 
showing  depth  of  winzes  and  distances  along  drifts,  and  method  of  establishing 
an  isochemic  line. 

Fig.  22.  Vein  map  of  6  level,  Ludington  mine. 

Fig.  23.  Sketch  map  of  the  isochemistrj  of  6  shaft  from  surface  to  the  8th 
level.  The  dark  lines  represent  high  phosphorus  ore,  the  open  spaces  and  a^ 
rows  low  phosphorus  ore  and  its  direction  of  increase.  The  space  covered  bj 
these  lines  and  the  figures  is  the  ore  deposit  in  part  worked  out.  The  jasper  at 
the  left  shows  the  western  limit  of  the  ore  deposit.  The  jasper  occurriDg  to  Um 
'  right  of  this  constitutes  what  is  known  as  horses  of  rock  splitting  up  the  vein  and 
breaking  the  regularity  of  the  deposit. 


These  figures  are  drawn  from  maps  made  hj  Mr.  Ghas.  N.  Snow,  engineer  of 
the  Ludington  mine,  Mr.  Per  Larson,  engineer  of  the  Ghapin  mine,  and  Mr.  E. 
Everett  of  Ishpemmg,  to  whom  I  am  much  indebted  for  their  kind  assistance  in 
the  preparation  of  this  paper. 


Art.  XXXIII. — Pal(2ohaiteria  Credner,    and  the  Progam- 

sauria ;  by  Dr.  G.  Bauk. 

Onk   of  the   most    important   discoveries   in    Paleontol(^ 
has  ju8t  been  made  l)y  Professor  H.  Credner  of  Leipzig,  w( 
known  by  his  pubHcations  on  the  Stegocephalia  of  the  Permian 
of  Saxony.* 

Tliis  (liseoverv  cimsists  of  a  series  of  nearly  complete  skele- 
tons of  a  reptile  from  the  lower  Permian  (Kothliegendes). 
This  reptile,  witli  the  exception  of  Stereostem/um  Cope,  from 
the  Carboniferous  {()  of  Brazil,  is  the  oldest  yet  known.  Pro- 
fessor Credner  calls  it  Palwohatteria  from  the  close  resemblance 
to  Ildft^ria  from  Xew  Zealand,  the  only  li\dng  member  of 
the  Khynchoccphalia.  But  since  Ilatteria  is  preoccupied  bv 
Sph*inHUin,\  this  new  form  really  ought  to  be  called  Pala^o- 
9v/it no(/(tN.  It  is  ])laced  by  Professor  Credner  among  the 
Sphcnotltmtithv,  but  it  has  to  be  cimsidered  as  the  type  of  a 
distinct  family,  which  mav  be  called  the  PalceoAatt^riidcp.  or 
J\f/if(hs'i^/inHK/ofiti(/(V,  in  case  the  name  Paliieospheiiodon  shall 
Ih»  aulmittctl  by  Civdncr. 

Chiuuu'tf  rti  of  th(  Piihvohaiftrndoe. —  SkiiU  resembling 
Sphdunloh  :  lacrymal  fixn?  from  pnefrontal ;  bones  showing 
conteiv  of  ossitication,  like  those  of  Stegocephalia ;  interclavicle 

♦  iVdnor,  Hermann :  Pio  Su\»rooephaleu  uud  Saurier  aus  dem  Rothliegenden 
des  n.HuonSi^hon  iiruiuios  lH»i  Dresden,  vii  Theil.  PdkoohaUeria  hngicaitdata 
Orwl.     /.oit^ohrift  IVuiA^h.  Gool.  iK^sellsoh.,  1SS8. 

I  .<^v^,r*;*x^v>n  Gray.  IS:U  ;  S^^heKOtion  Lund,  1839  (ICamm.);  ffatteria  Grsj, 
l^Al  :  :>i^Kfn^\ii^i  Ajjhsjj.  IS43  ^Fis^h.)  Baur.  G..  Erwiderung  an  Herrn  Dr.  L 
GiVnthor.     Zool  Anr..  Xv^  245.  1S<T. 
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rliomboidal  with  lon^  distal  process,  nearly  of  the  same  form  as 
that  of  Belodon^  Aetoaaurus^  and  Proteroaaurua ;  ilium  ex- 
panded at  the  upper  end  ;  claws  well  developed. 

One  of  the  most  important  characters  of  Palwohatteria 
consists  in  the  presence  of  five  distinct  tai^sal  bones  in  the 
second  row,  one  for  each  metatarsal.  In  this  it  agrees  with 
Stey^eosternum  Cope,  which  I  placed  in  a  new  order.  Pro- 
ganosauria,'^ 

The  M€808aund(B\  are  a  specialized  family  of  this  order. 
The  Pal^BohatteriidiE  on  the  contrary  are  a  generalized  group  ; 
th^  are  Proganosauria^  which  gave  origin  to  the  Rhynoho- 
cephalia, 

I  give  now  a  new  definition  of  the  Proganoaaxiria, — 
Humerus  \vith  entepicondylar  foramen  ;  five  distinct  tarsal 
bones  in  second  row,  one  for  each  metatarsal ;  condyles  of 
limb-bones  not  ossified  ;  pubis  and  ischium  broad  plates  ;  each 
set  of  abdominal  ossicles  consisting  of  numerous  pieces. 

1.  Palceohatteriidoe. 
Characters  given  above. 

2.  MesosatcridoB, 

Skull  elongate,  with  numerous  very  sharp  and  slender  teeth  ; 
first  metatarsal  the  shortest,  fifth  metatarsal  the  longest  bone. 
No  claws. 

The  Proganosauria  are  Reptiles  with  many  characters  of 
the  Batrachians ;  the  PalwohatteriidcB  is  the  most  generalized 
group  among  the  Monocondylia  (Sauropsida). 

Some  points  in  Professor  Credner's  paper  need  correction  : 

1.  There  are  two  not  three  or  more  sacral  vertebrae. 

2.  The  bones  called  "hyoids"  may  just  as  well  be  the  epi- 
pterygoids  (columelte).  If  they  represent  hyoids,  they  resemble 
these  elements  in  Belodon  and  Ichthyosaurus, 

3.  There  is  no  free  lacrynial  in  Sphenodon  as  figured  by 
Credner. 

4.  The  quadratojugal  of  Sphenodon  is  overlooked. 

5.  The  so-called  basisphenoid  is  probably  the  parasphenoid. 

6.  The  foramen  in  the  humerus  is  entepicondylar  not  ectepi- 
condylar. 

7.  The  carpal  bones  of  Proterosaurns  are  wrongly  deter- 
mined ;  the  bone  called  radial  represents  the  first  central  bone. 

8.  The  figure  of  the  embryo  of  "Monitor*^  is  erroneously 
explained,  by  both  Hoffmann  and  Credner ;  the  l)one  called 
tars.  5  is  the  metatarsal  5. 

*  Baur,  G.  On  the  Phylogenetic  Arrangement  of  the  Sauropsida.  Journ.  of 
MocpboL,  vol.  i,  No.  1,  Sept,  1887. 

\  I  use  the  family 'Oame  MesosauridcB.  It  is  probable  that  Mesosaurus  Gervais 
18  the  same  as  Stereostemum  Cope. 
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Some  important  results  can  be  reached  from  the  stadj  of  this 
ancient  form  : 

1.  The  antorbital  foramen  or  fossa  is  a  secondary  formadoD; 
all  fonns  of  Keptiles  having  this  fossa  descendea  from  fonnj 
witliout  it. 

2.  The  peculiar  short  bone  in  the  hind  foot  of  the  Reptilk, 
which  some  consider  as  a  metatarsal  5,  others  as  a  tarsal  5. 
certainly  represents  the  metatarsal  5. 

3.  The  bones  called  epiplastra  and  endoplastron  in  the  Testu- 
dinata  are  doubtless  the  clavicles  and  interclavicle.  The  clavicles 
and  interclavicle  of  the  Amniota  represent  the  "  mittleren  und 
seitlichen  Thoracalplatten "  of  the  Stegocephalia  and  other 
Batrachia.  These  elements  must  be  considered  as  dermal  ossi- 
fications ;  the  connection  with  the  shoulder-girdle  is  secondary. 

4.  The  origin  of  the  so-called  '*"  AhdomvfiaZ  rtisJ^  The 
aJjdomiiial  oss^iehs  or  "  ribs  "  are  found  to-day  only  in  Sphenodm 
and  the  Crocodilia  ;  the  "  abdominal  ribs  "  of  Chammeo^  Poly- 
chus,  etc.,  are  entirely  different  elements.  There  are  do 
abdominal  ossicles  like  those  in  Sphenodon  found  in  Pal(Jto- 
haiU'via^  P voter osaur us ^  Ilyperodapedon,  In  these  we  have 
bundles  of  scale-like  pieces.  These  we  have  to  consider  as  the 
homologue  of  the  same  elements  in  the  Stegocephalia  and  as 
the  abdominal  ossicles  in  the  Rhynchocephalia,  Ichthyosaaria, 
Plesiosauria,  Pterosauria,  Crocodilia,  Dinosauria,  Saurune.  h 
nearly  all  these  fonns  each  set  of  abdominal  ossicles  consists  of 
one  or  two  median  pieces  and  one  lateral  one  on  each  side: 
but  in  the  Jchthyosauria  we  find  very  often  one  median  piece 
an<l  two  lateral  ones  on  each  side. 

The  idea,  at  first  pronounced  by  Owen,  that  the  plastron  of 
the  Testudinata  has  developed  from  abdominal  ]>one8  is  verv 
prol>able. 

5.  The  foramina  in  the  humerus  of  the  higher  Vertebratu.— 
a,  Xo foramen:  Batmchia. 

h,  Fornraen  entepicondyloideum^ :  Proganosauria,  Thero- 
mora,"!-  Mauiiiialia.^ 

(\  For  an  I  en  entepicondyloideum  a/ad  foram^en  ectepicondy- 
loidenm :  Sphenodontidae,  some  hmneri  from  the  Permian  of 
Russia. 

d.  Fossa  entepieondyloidea  and  foramen  ectepi<)andylai- 
drum :  Atoposaunis,  Sapheosaurus,  Nothosauridse,  part. 

e,  ForauK'n  ecteplcondyloideuvi :  Testudinata,  Lacertilia. 
Nothosauridffi  part,     Rhynchocephalia,  part. 

f  Fossa  ectepicondyloidea :  Belodon,  Champsosaurus,  Tes- 
tudinata, part,  etc. 

g.  No  foramen  :  CrocodiUa,  Dinosauria,  Pterosauria,  Pie- 
si  osaui-i  a,  rythonomorpha.  Birds,  etc. 

*  If  not  lost  by  apecializatiou. 

name  Theromorpha  has  been  ohang^ed  bj  Professor  Cope  to  Theromore. 


Chemistry  and  Physics.  313 

The  oldest  Beptiles,  the  Proganosauria^  had  only  the  fora- 
men entepicondyloideum  ;  from  those  the  Theromora  and 
Mammalta  took  their  origin.*  Some  of  the  Proga/aosauria^ 
which  we  do  not  know  yet,  probably  developed  also  the  fora- 
men ectepicondyloideum ;  such  forms  connected  the  Rhyncho- 
cephalia.  Then  the  entepicondvlar  foramen  was  lost  again 
and  later  also  the  ectepicondylar  K>ramen. 

New  Haven,  Conn.,  March  5th,  1889. 


SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  On  the  Presence  of  a  New  Metal  in  Nickel  and  Cobalt, — 
Ebuss  and  Schmhvt  have  discovered  a  new  metal  in  both  Dickel 
and  cobalt.  These  chemists  had  undertaken  to  determine  the 
atomic  mass  of  nickel  and  of  cobalt,  asing  for  the  purpose  the 
pure  material  prepared  by  Zimmermann,  the  method  of  Winkler 
and  the  atomic  mass  of  gold  as  corrected  by  Krdss,  196*64.  When 
the  solution  of  sodium-gold  chloride  was  treated  with  metallic 
nickel  or  cobalt,  the  precipitated  gold  was  found  to  be  mixed 
with  a  small  quantity  of  one  or  the  other  of  these  metals  thrown 
down  apparently  by  a  secondary  action.  By  dissolving  the 
weighed  precipitate  in  aqua  regia,  precipitating  the  gold  with 
sulphur  dioxide,  subtracting  its  mass  from  that  of  the  precipitate, 
the  excess  of  nickel  or  cobalt  was  ascertained  and  allowed  for. 
But  still  the  method  did  not  give  concordant  results.  Finally  it 
was  noticed  that  in  washing  the  gold  precipitate  obtained  by 
sulphur  dioxide  from  a  solution  of  a  previous  precipitate  thrown 
down  by  cobalt,  the  red  color  of  the  filtrate,  due  to  cobaltous 
chloride,  became  gradually  paler  and  finally  acquired  a  pale 
greenish  color.  This  portion  of  the  wash  water  was  collected  and 
evaporated  in  a  platinum  dish,  and  left  after  ignition  a  slight  resi- 
due which  dissolved  in  concentrated  hydrogen  chloride  solution 
on  warming,  with  a  beautiful  green  color,  the  color  disappear- 
ing on  cooling.  A  similar  result  was  obtained  when  nickel  was 
used  to  precipitate  the  gold.  A  chloride  solution  was  obtained 
on  evaporating  the  wash-water  and  dissolving  in  hydrogen 
chloride  in  which  no  nickel  or  other  known  element  could  be 
detected.  In  order  to  obtain  a  larger  quantity  of  the  new  sub- 
stance, nickel  sulphide  was  treated  with  ammonium  sulphide  so 
long  as  the  solution  became  brown.  The  new  element  became 
concentrated  in  the  residue.  So  an  increase  of  the  new  chloride 
in  the  mother  liquors  was  obtained  by  crystallizing  the 
double    chloride   of   mercury-nickel    or    mercury-cobalt  from   a 

*  Baur,  G.  Ueber  die  Kanaele  im  Humerus  der  Amnioteu.  Morph.  Jahrbuch, 
▼ol.  xii,  1S86,  pp.  299-305.  On  the  Phylogenetic  Arrangement  of  the  Sauropsida. 
Journ.  of  Morphology,  vol.  i,  No.  1,  Sept,  1887. 
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solution  containiDg  equivalent  quantities  of  both  chlorides. 
Finally  it  was  observed  that  the  new  oxide  was  soluble  in  fused 
caustic  alkali,  in  which  cobalt  and  nickel  oxides  are  insoluble;  and 
thuH  it  was  obtained  pure,  50  grams  nickel  oxide  yielding  about 
one  gram  of  the  white  oxide.  Its  properties  are  as  follows  :  The 
acid  chloride  solution  is  not  precipitable  by  hydrogen  sulphide, 
but  ammonium  sulphide  produces  in  neutral  solutions  a  blackish 
sulphide.  Ammonia  throws  down  a  voluminous  white  flocculeot 
precipitate,  not  soluble  in  excess.  Potassium  hydrate  acts  sim- 
ilarly. On  igniting  the  oxide  moistened  with  cobalt  solutioD, 
only  a  weak  brown  color  results.  Even  after  strong  ignition, 
the  oxide  is  soluble  in  the  cold  in  a  27  per  cent  hydrogen  chlo- 
ride solution.  With  excess  of  acid,  the  chloride  is  green,  but  the 
neutral  chloride  is  white  and  gives  with  water  a  colorless  solu- 
tion. The  oxide  does  not  change  its  weight  when  ignited  in 
hydrogen.  The  metal  can  be  obtained,  however,  by  electrolyzing 
the  chloride  solution  or  by  reducing  the  chloride  in  a  current 
of  hydrogen.  It  is  black,  brownish-black  in  thin  layers,  dissolves 
readily  iu  acids  when  produced  electrolytically,  more  diflScullly 
when  produced  at  a  high  temperature.  Further  researches  on  the 
new  metal  are  in  progress  by  the  authors. — Ber.  Bert,  Chem. 
Ges,,  xxii,  11.,  January,  1889.  g.  f.  b. 

2.  On  the  Atomic  Mass  of  TiJi, — Bongartz  and  Classen 
have  undertaken  a  redetermination  of  the  atomic  mass  of  tin. 
For  this  purpose  they  employed  four  methods  :  Ist,  the  oxida- 
tion of  the  tin  to  stannic  oxide  ;  2d,  the  electrolysis  of  ammonium 
stannic  chloride,  SnCl^(NH^Cl),;  3d,  the  electrolysis  of  potas- 
sium-stannic chloride ;  and  4th,  the  electrolysis  of  stannic  bro- 
mide. The  mean  of  eleven  experiments  by  the  first  method  gave 
the  value  118-7606  for  the  atomic  mass  of  tin;  the  difference  be- 
tween the  maximum  and  the  minimum  values  being  0'459.  The 
mean  of  sixteen  experiments  by  the  second  method  was  118*8093, 
the  difference  between  the  greatest  and  least  value  being  0*228. 
The  mean  of  ten  experiments  by  the  third  method  was  11 8*7975, 
the  difference  between  the  extreme  values  being  0*163.  And  the 
mean  of  ten  experiments  by  the  fourth  method  was  118'7309,  the 
difference  being  0*144.  The  final  mean  of  the  47  experiments 
was  118*7745  ;  or  taking  the  26  experiments  in  which  the  differ- 
ence between  maximum  and  minimum  was  least,  118*8034;  taking 
oxygen  at   15*96. — Ber,   Berl,    Chem.    Ges.,  xxi,  2900,  October, 

1888.  G.  F.  R 

3.  Studies  from  the  Laboratory  of  Physiological  Chemistry^ 
Sheffield  Scientific  School  of  Yale  University  for  the  years  1887- 
88.  Volume  III.  Edited  by  R.  II.  Chittenden,  Ph.D.  157  pp. 
8vo.  New  Haven,  January,  1889. — The  present  volume  of  this 
series,  like  those  already  issued  (noticed  in  vols,  xxxii  and  xxxiii 
of  this  Journal)  contains  a  series  of  important  papers  upon  dif- 
ferent subjects  in  physiological  chemistry.  They  embody  the 
results  of  work  done  in  the  Sheftield  Laboratory  and  show  the 
hii;h  position  that  it  occupies  as  a  school  of  research  as  well  as 
one  of  training. 
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4.  On  the  divergence  of  Electromotive  forces  from  Thermo- 
Chemical  data. — Professor  E.  F.  Herboun,  sums  up  his  research 
as  follows : — 

(1.)  The  primary  factor  io  determining  the  electromotive  force 
of  a  Voltaic  cell  is  the  relative  heat  of  formation  of  the  anhy- 
drous salts  of  the  two  metals  employed. 

(2.)  That  the  E.  M.  F.  may  set  up  chemical  changes  of  a  differ- 
ent direction  and  character  from  those  predicable  from  the  heat 
of  formation  of  the  dissolved  salts. 

(3.)  That  the  E.  M.  F.  set  up  by  (1)  may  be,  and  usually  is 
supplemented  by  the  energy,  or  a  portion  of  the  energy,  due  to 
the  hydration  or  solution  of  the  solid  salts,  and  may  have  values 
which  accord  with  the  heat  of  formation  of  the  dissolved  salts. 

(4.)  That  in  those  cases  in  which  there  is  no  chemical  attrac- 
tion, or  a  very  feeble  attraction  between  the  water  and  the  salt, 
the  negative  heat  of  solution  is  derived  from  sensible  heat,  and  is 
not  supplied  by  the  free  energy  of  the  chemical  change.  All 
cells  in  which  such  salts  are  employed  opposed  to  zinc  should 
have  negative  "  Thermo  voltaic  constants"  and  evolve  heat  when 
they  send  a  current  forward. 

(5.)  That  when  metals,  whose  salts  have  purely  negative  heats 
of  solution,  are  oppposcd  to  metals  whose  salts  they  can  replace, 
the  E.  M.  F.  set  up  is  in  excess  of  the  total  thermal  change. 
Such  cells  therefore,  absorb  sensible  heat  when  worked  forward. 

(6.)  That,  taking  the  foregoing  facts  into  consideration,  no  cell 
exists  which  can  furnish  an  E.  M.  F.  in  excess  of  the  free  energy 
of  the  chemical  change:  i.  e.  which  can  convert  sensible  heat  into 
electrical  energy  working  at  uniform  temperature  (negatives  the 
supposition  concerning  mercury  and  other  salts.) 

(7.)  That  certain  metals  have  a  tendency  to  form  films  of  sub- 
salts  on  their  surfaces,  the  formation  of  which  giving  rise,  as  it 
does,  to  a  different  thermo  chemical  reaction,  naturally  furnishes 
an  E.  M.  F.  which  does  not  correspond  with  the  values  calculated 
from  the  heats  of  formation  of  their  normal  salts  (ex,  gr,  copper 
iu  cupric  chloride,  mercury  in  mercuric  chloride,  probably  silver 
in  most  soluble  chlorides). 

(8.)  That  the  electromotive  force  of  a  voltaic  cell  furnishes  a 
more  accurate  measurement  of  this  free  energy,  and  therefore  of 
true  chemical  affinity,  than  data  derived  from  calorimetric  obser- 
vations."— FhU.  Mag.y  March,  1889,  pp.  209-233.  J.  T. 

5.  Behavior  of  Metals  to  Light. — At  a  meeting  of  the  Physi- 
cal Society,  held  in  Berlin,  Jan.  11,  Kundt  gave  an  account 
of  his  experiments  on  the  refraction  of  light  by  metals.  Metals 
whose  refractive  index  is  large,  showed  an  increase  of  the  angle 
of  deviation  of  light  as  the  temperature  rises ;  thus  proving 
that  the  author  was  dealing  with  true  refraction.  A  further  out- 
come o£  his  experiments  was  to  show  that  the  velocity  of  light  in 
metals  is  dependent  on  changes  of  temperature  in  a  way  exactly 
similar  to  that  in  which  their  electrical  conductivity  is  depend- 
ent.— NaturCy  Feb.  7,  1889,  p.  360.  j.  t. 
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6.  Hertz^8  experiments  on  Electro-magnetic  Waves. — Profeissor 
Fitzgerald  and  Mr.  F.  T.  Trouton  have  repeated  Hertz's  ex- 
periments. Ordinary  masonary  walls  were  foand  to  be  transpar- 
ent to  electrical  waves  of  ten  meters  in  length,  with  an  apparatus 
suitable  for  dealing  with  definite  angles  of  incidence.  With  x 
wall  three  feet  thick  reflection  was  obtained,  when  **  the  vibra- 
tor "  was  perpendicular  to  the  place  of  reflection ;  "  bot  none,  at 
least  at  the  polarizing  angle,  when  turned  through  90**  so  as  to 
be  in  it."  This  decides  the  point  in  question,  the  magnetic  dis- 
turbance being  found  to  be  in  the>plane  of  polarization,  the  elec- 
tric at  right  angles. — Nature,  Feb.  21,  1889,  p.  391.  j.  t. 

7.  Electrified  Steam, — **  Hslmholtz  has  shown  that  if  an  in- 
visible jet  of  steam  be  electrified  or  heated  it  becomes  visible  with 
bright  tints  of  different  colors  according  to  the  potential  or  the 
temperature." — Nature,  Jan.  24,  1889. 

8.  Viscosity  of  gases  at  high  temperatures  and  a  new  PyrotM- 
trie  method, — The  subject  of  the  viscosity  of  gases  has  been  in- 
vestigated by  Maxwell,  O.  E.  Meyer,  S.  W.  Holman  and  others. 
Dr.  Sarus  in  a  very  exhaustive  paper  reviews  the  work  of  previous 
observers,  and  adds  valuable  results  on  viscosity  at  high  tem- 

Eeratures.  Obermayer  had  investigated  the  subject  up  to  280°, 
lolman  with  carbonic  acid  to  224°  and  with  air  to  124°,  E. 
Wiedeman  at  100°  and  185°.  Dr.  Barus  has  carried  his  observa- 
tions to  1000°.  Temperature  was  measured  by  the  combination  of 
a  porcelain  air-thermometer  and  a  thermal  junction  of  platinum 
and  platinura-iridiura.  Further  details  of  this  method  of  measur- 
ing high  temperature  are  reserved  for  the  forthcoming  bulletin 
No.  54,  of  the  U.  S.  Geological  Survey.  The  observations  sug- 
gest to  Dr.  Barus  a  method  of  measuring  high*  temperatures 
which  is  based  upon  Meyer's  equation  of  gas  transpiration.  He 
entitles  the  method  transpiration  pyrometry  and  gives  a  compari- 
son of  the  temperatures  measured  by  this  method  with  those 
obtained  by  a  direct  method,  and  believes  that  greater  precision 
in  the  measurement  of  high  temperature  can  be  obtained  by  this 
method  than  by  any  other  method,  not  even  excepting  the 
method  of  the  porcelain  air-thermometer.  The  paper  concludes 
with  a  careful  discussion  of  the  results  upon  viscosity  which  the 
author  has  obtained ;  a  plate  giving  diagrams  of  the  apparatus 
and  the  curves  which  represent  the  results  accompanies  the  paper. 
— Ann,  der  Physik  nnd  Chemie,  vol.  xxxvi,  1889,  pp.  368-398. 

J.  T. 

II.   Geology  and  Natural  History. 

1.  Brachiospongidce :  On  a  Group  of  Silurian  Sponges^  by 
Charles  Emerson  Beecher,  28  pp.  4to,  with  6  plates.  Menu 
Peabody  Mus.,  Yale  Univ.,  Vol.  II,  Part  1.  New  Haven,  Conn., 
1889. — The  first  known  specimen  of  the  Brachiospongidse  was  de- 
scribed and  figured,  as  Mr.  Beecher  states,  by  Troost  in  1839,  but 
not  named.     It  was  from  Tennessee.    The  same  species  and  prob- 
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ably  the  same  specimen  was  described  by  Prof.  O.  C.  Marsh  in 
this  Journal  in  1867,  and  named  Brachioapongia  Rcemerana. 
In  1858,  in  vol.  ii  of  the  Kentacky  Geological  Survey,  the  species 
was  named  Scyphia  digitata,  by  D.  D.  Owen,  from  Kentucky 
specimens,  and  afterward  Scyphonia  digitata,  Mr.  Beecber,  in 
his  memoir,  after  presenting  further  facts  respecting  the  syn- 
onymy of  the  species  and  describing  its  geological  position  as  in 
the  Trenton  limestone,  gives  a  detailed  account  of  the  species 
under  the  name  Brachiospongia  digitata^  and  illustrates  it  with 
excellent  figures  on  plates  I  to  IV,  showing  its  various  forms,  its 
external  and  internal  structure  and  its  hexactinellid  spicules. 
The  number  of  arms  or  lobes  is  shown  to  be  a  variable  character, 
the  extremes  observed  being  8  and  12,  and  the  extremes  in  diam- 
eter, 3^  and  11  inches.  Specimens  with  12  arms,  the  maximum 
number,  vary  in  size  from  6  to  10^^  inches. 

Besides  the  full  account  of  the  Brachiospongia,  Mr.  Beecher  de- 
scribes and  figures  also  two  species  of  a  new  genus  of  Hexacti- 
nellid Sponge,  named  by  him  Strobiloapongia^  based  on  specimens 
collected  by  himself  with  the  Brachiospongia  in  Franklin  County, 
Kentucky.  The  sponge  has  irregularly  rounded  lobes  grouped 
about  the  surface  of  a  stout  central  mass  or  stem.  The  species 
are  S.  aurita  Beecher  and  S,  tuberosa  Beecher.  The  memoir  is  a 
very  important  contribution  to  the  science  of  American  Paleozoic 
Sponges. 

2.  On  the  Waverly  Group  of  Ohio, — In  a  paper  on  the  Geology 
of  Licking  Co.,  Ohio,  contained  in  the  Bulletin  of  the  Denison 
University  (Granville,  Ohio),  Vol.  FV,  Parts  1  and  2,  dated  Decem- 
ber, 1888,  Prof.  C.  L.  Herrick  continues,  from  the  preceding  num- 
ber, an  enumeration  of  the  fossils  obtained  from  the  Waverly 
group  and  describes  and  figures  (Plates  I  to  XI)  some  new  spe- 
cies. His  papers  occupy  85  pages  of  the  number.  He  arrives  at 
the  following  arrangement  of  the  Waverly  series,  beginning  be- 
low: 

(1.)  Bebea  or  Teaxsition  Series,  the  western  equivalent  of  the 
Upper  Chemung:  (1)  Cleveland  shale  (local),  50  feet;  (2)  Bed- 
lord  shale,  50  ft. ;  (3)  Berea  grit,  50-60  ft. ;  (4)  Berea  shale  (in- 
cluding, besides  the  Black  shale,  the  greater  part  of  the  shale  be- 
low the  Kinderhook),  200-400  feet;  (5)  Waverljr  shale,  40  feet. 

(2.)  Cuyahoga  or  Waverly  Series,  ISubcarboniferous:  (1) 
Kinderhook,  Conglomerate  I,  50  to  60  feet  (not  represented  in 
the  northern  and  eastern  counties  of  Ohio) ;  (2)  Logan,  or  the 
Burlington  and  Keokuk,  Conglomerate  II,  100  to  150  feet. 

The  fossils  from  the  Bedford  shale  leading  to  a  reference  of 
it  to  the  Chemung  are:  Lingula  melie  H.,  Orbiculoidea  New- 
berryi  H,,  Orthis  Vanuxemi  H.,*  Chonetes  scitula*  Ambocoelia 
umbonata^  Ilemipronites  sp.,  Macrodon  HamiltoncB  H.,*  Micro- 
don  beUintratua  Con.,*  Leda  diversa,  var.  Bedfordensis*  PalcBO- 
neilo  BedfordensxB  Meek  (=  var.  of  P.  constricta\  Pterinopecten 
sp.,  Bellerophon  Newberryiy*  B,  lineata  H.  ?,  Loxonema  resem- 
bling L,  delphicoUiy*  Orthoceras  resembling  O,  tintcum,   Gonia- 
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tites  resembling  a  Portage  species,  Pleurotomaria  cf.  /*.  suleoftiar- 
ginata.  The  names  marked  with  an  asterisk  are  Hamilton  spe- 
cies, or  near  them.  The  Trilobite  tribe  has  its  species  through  the 
series  instead  of  being  absent  as  in  the  Chemung  and  Catskiil  of 
New  York. 

3.  Saccamina  I}inana  (Communicated).  —  I  observe  that 
this  Utile  fossil  has  again  come  under  the  notice  of  naturalists.* 
When  specimens  from  Sandusky  were  kindly  sent  to  me  some 
years  ago  by  ray  friend  Dr.  Newberry,  I  was,  as  a  paleontologist, 
naturally  disposed  to  refer  them  to  CharaceoB^  but  a  comparison 
with  specimens  from  the  French  Tertiaries  convinced  me  that 
this  was  untenable,  and  as  I  found  that  in  form  and  texture, 
though  not  in  material,  the  fossil  corresponded  to  the  well-known 
Saccamina  of  the  Carboniferous,  I  placed  it  provifionally  in 
that  genus.f  Subsequently,  and  apparently  without  knowing 
what  I  had  done,  Ulrich  ("  Contributions,''  Vol.  I,  1886),  de 
scribed  the  Ohio  Falls  specimens,  and  referred  them  to  Forami- 
nifera  as  I  had  done,  but  with  the  new  name  MoeUerina  Greenei. 
I  may  say  that  I  still  hold  to  my  original  opinion  that  these 
organisms  are  foraminiferal  tests,  for  the  reasons  fully  stated  in 
my  paper  in  the  Canadian  Naturalist,  1883,  and  which  I  think 
have  not  yet  been  controverted. 

I  have  no  other  objection  to  Dr.  Williamson's  name,  Calci- 
sphcera^  except  that  it  seems  certain  that  the  organisms  from 
Kelley's  Island  are  of  entirely  different  nature  from  those  from 
Wales,  and  therefore  should  not  bear  the  same  name.  I  also  con- 
sider it  probable  that  the  specimens  described  by  Ulrich  are 
specifically  distinct,  though  it  is  not  unlikely  that  the  double 
wall  described  by  him  may  be  a  result  of  difference  of  preserva- 
tion rather  than  original  structure.  In  my  specimens  the  wall 
seera  continuous  and  granular,  having  in  fact  a  similar  structure 
to  that  of  other  fossil  Foraminifera  whose  tests  are  composed  ot 
calcareous  grains.  My  specimens  show  some  indications  that  the 
test  was  finely  porous.  This  caused  me  to  suggest  a  possible 
aflinity  with  LaffenidoB,  which  I  find  Ulrich  also  suggests. 

J.    WM.    DAWSON. 

Montreal,  March  8,  1889. 

4.  Ueher  erne  chirch  die  Hdufigkeit  Ilipptiritenartiger  Chami- 
den  ausgezeichnete  Favna  der  oberturonen  Kreide  von  Texas; 
von  Ferdinand  Roenier  in  Hreslau.  Paleontologische  Abhand- 
lungen,  Viertes  Band,  Heft  4.  Berlin,  1888.  4to,  15  pp.  3  plates. 
— In  tliis  valuable  paper  Dr.  Roemer  describes  with  his  usual 
skill,  a  most  interesting  fauna  from  Barton's  creek,  a  few  miles 
west  of  the  city  of  Austin.  The  descriptions  are  excellent  and 
the  figures  beautiful.  Twenty-one  species  are  figured  and  de- 
scribed, of  which  eighteen  are  alleged  to  be  new.  As  the  re- 
viewer has  made  a  special  study  of  the  faunal  and  stratigraphic 
horizons  of  these  fossils,  he  would  here  correct  one  or  two  mis- 
takes in  the  otherwise  excellent  publication.     Instead  of  being 

*  Knowlton,  this  Journal,  March,  1889.  f  Canadian  Naturalist,  1883. 
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from  the  Austin  Chalk  of  Shamard  (Niobrara  of  M.  &  H.)  as  the 
author  asserts,  all  of  these  forms  came  from  an  entirely  different 
and  lower  horizon,  separated  by  four  distinct  subfannas,  a  com- 

Elete  stratigraphic  and  paleontologic  non-conformity,  and  four 
nndred  feet  of  strata  below  that  horizon,  and  hence  the  deduc- 
tions and  correlations  of  Dr.  Roemer  are  unfounded.  The  twenty- 
one  species  mentioned,  together  with  a  half  dozen  or  so  in  the 
writer's  possession,  which  escaped  Dr.  Roemer's  attention,  are 
mostly  non-criterional  genera  (except  the  aberrant  bivalves), 
which  range  in  European  terranes  from  Jurassic  to  present,  but 
which  are  especially  numerous  in  the  upper  Jurassic  and  Lower 
Cretaceous,  all  beine  found  in  the  European  Neocomian,  espe- 
cially the  peculiar  aberrant  bivalves  and  the  Nerineas — the  va- 
rieties described  of  the  latter  having  especial  Jurassic  affinities. 
Hence,  Dr.  Roemer's  assignment  of  thfs  fauna  to  the  Upper  Turo- 
nian  horizon  is  not  based  upon  sufficient  evidence  either  strati- 
graphical  or  paleoutological.  They  belong  to  the  Hippurites  Lime- 
stone of  Shumard,  whose  stratigraphic  place  as  given  m  my  section 
is  in  the  middle  of  the  Lower  American  Cretaceous,    b.  t.  hill. 

5.  ShcUl  toe  teach  Geology?  A  discussiofi  on  the  proper  plan  of 
Geology  in  modem  education;  by  Alexander  Winohell.  217 
pages,  12mo. — Prof.  Winchell  makes  in  this  volume  a  strong 
plea  for  the  study  of  geology  in  schools  and  higher  institutions 
of  learning,  treating  at  length  of  its  educational  value  as  com- 
pared with  other  subjects  of  study,  its  ethical  influence,  and  the 
Dearing  of  its  developments  on  modern  civilization.  His  large  ex- 
perience enables  him  to  bring  forward  in  illustration,  a  wide 
range  of  facts  with  regard  to  the  science,  and  the  best  methods 
of  instruction. 

6.  TTie  Desce7iding  Water-current  in  Plants  and  its  Physi- 
ological Significance,  J.  Wiesner  (Botanische  Zeitung^  Jan. 
4,  1889). — In  an  earlier  paper  the  author  gave  an  account  of  the 
supposed  existence  of  a  downward  movement  of  water  in  the 
branches  and  stems  of  plants.  In  the  present  communication  he 
points  out  the  bearing  of  his  discovery  upon  the  coordination  of 
the  various  organs.  Experimental  proof  of  the  existence  of  the 
descending  current  of  water  is  thought  by  the  author  to  be 
afforded  in  the  following  way.  When  a  severed  leafy  shoot  of 
fresh  grape-vine  is  immersed  in  water,  the  tissues  are  more  tur- 
gescent  than  before  they  are  covered  by  water,  indicating 
absorption  through  the  epidermis.  If,  now,  the  middle  portion 
of  such  a  shoot  is  lifted  into  the  air,  so  that  transpiration  can  go 
on  rapidly,  the  upper  part  of  the  shoot,  which  is  still  immersed, 
will  soon  become  wilted,  showing  that  it  is  furnishing  water  to 
the  parts  lower  down  the  stem.  Assuming  that  this  experiment 
shows  the  existence  of  a  downward  current,  the  author  passes  at 
once  to  the  application  of  this  fact  to  the  explanation  of  the 
development  of  various  parts.  He  believes,  for  instance,  that 
the  opening  of  many  flowers  and  flower-clusters  is  caused  largely 
by  the  movement  of  water  in  the  branch  or  stem,  and  especially 
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by  the  so-called  downward  carrent.  Other  examples  cited  by 
the  aathor  are  the  following:  (1)  Sympodial  leafy  shoots,  (2) 
Terminal  buds,  (3)  Axillary  buds,  (4)  Aoaalescent  plants  and 
clusters  of  radical  leaves.  All  of  the  cases  to  which  the  aathor 
applies  his  hypothesis  seem  to  be  perfectly  explicable  upon  the 
older  view  that  the  water  in  a  plant  moves  in  lines  of  least  re- 
sistance toward  points  of  consumption  or  outflow.  Thus  in  the 
well-known  instance  of  the  flow  of  sap  from  a  maple  tree  which 
is  tapped,  there  is  undoubtedly,  for  the  time,  a  descending  car- 
rent  ;  but  that  there  is,  under  normal  conditions,  anything;  an- 
swering to  this,  is  not  shown  by  the  experiment  in  question.  It 
should  be  said,  however,  that  the  author  promises  a  more  ex- 
tended communication  upon  this  subject.  6.  l  g. 

7.  Certain  Coloring  Matters  in  JFktngi.  W.  Zopf  (Botan.  Zeit, 
Jan.  4,  1889). — The  author  adds  to  the  long  list  of  pigments 
found  in  fungi  a  few  of  great  interest.  He  points  out  the  clow 
similarity  which  exists  between  the  yellow  coloring  matters  in  a 
few  fungi  and  the  yellow  colors  which  are  derived  from  some  of 
the  higher  plants.  From  some  of  the  tissues  of  the  fongi  Id 
question  a  fatty  coloring  matter  can  be  isolated  by  the  process 
of  saponification  which  was  suggested  by  KUhne,  and  has  been 
successful  in  other  cases ;  but  from  certain  bacteria  which  he 
studied,  although  the  pigment  could  be  obtained,  it  could  not  he 
procured  in  a  condition  of  purity. 

In  order  to  settle  the  question  of  the  relations  of  light  to  the 
formation  of  this  yellow  color,  the  author  cultivated  for  control, 
the  organism  in  different  nutrient  liquids  and  on  different  nutri- 
ent solids  in  the  light,  using  the  same  organisms  on  precisely  the 
same  substances  kept  in  absolute  darkness.  After  the  lapse  of 
about  a  fortnight,  the  color  was  found  to  be  as  dense  in  the  lat- 
ter as  in  the  former  case.  For  completeness  in  nomenclature  the 
author  suggests  that  these  substances,  so  similar  in  their  relations 
as  regards  absorption  spectra,  a  series  of  terms  should  be  given 
as  ant/toxanthiny  mycoxanthin  and  bacterioxanthin.  The  color- 
ing matters  of  plants  are,  so  far  as  their  physiological  signifi- 
cance is  concerned,  to  be  regarded  as  waste  products  (see  Vine's 
Physiology  of  Plants,  p.  242),  which  chemically  are  allied  to  the 
aromatic  series.  Since  the  fungi  have  no  chlorophyll  to  begin 
with,  and  since,  further,  these  organisms  studied  by  Zopf  have 
the  power  ot  producing  coloring  matters,  akin  to  those  of  the 
higher  plants,  out  of  colorless  substances  like  gelatin,  or  agar-agar, 
some  of  the  pigments  must  be  excluded  from  the  series  formerly 
believed  to  be  products  of  the  degradation  of  chlorophyll-pig- 
ment. G.  L.  G. 

8.  The  Bacterial  Forms  found  in  Normal  Stomachs, — J.  E. 
Abelous  (Comptes  rendus,  cviii,  310,  Feb.,  1889)  reports  the  reealts 
of  his  studies  in  the  laboratory  of  Professor  Lannegrace.  Besides 
seven  forms  of  microbes  previously  known,  the  author  adds  nine 
as  occurring  in  the  juices  of  the  healthy  stomach  upon  which  ex- 
periments were  conducted.  Proper  care  appears  to  have  been 
exercised  to  exclude  all  foreign  germs  from  the  apparatus  aaed 
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for  withdrawing  the  Hqaids  of  the  stomach,  and  the  Rnbsequent 
cultures  seem  to  have  been  carried  on  with  care.  The  conclu- 
sions are  the  following:  (1)  In  the  stomach  in  the  normal  con- 
dition, there  are  very  numerous  microbes,  some  of  which  can  live 
in  strongly  acid  liquids,  and  a  few  of  them  can  exist  without  air. 
(2)  All  oi  these  microbes,  when  under  the  conditions  of  experi- 
ment, were  found  to  produce  prompt  effects  on  alimentary  sub- 
stances. (3)  Taking  into  account  the  long  time  required  for 
some  of  tnese  microbes  to  act  on  the  alimentary  substances  in 
which  they  were  placed,  the  author  thinks  that  they  must  exert 
their  principal  effect  upon  the  food  after  it  has  passed  from  the 
stomach  into  the  intestinal  tract.  (4)  In  the  intestines,  the  mi- 
crobes play  a  very  important  part  in  digestion,  since  in  the  ex- 
periments, that  is  to  say,  under  what  he  calls  comparatively  un- 
favorable conditions,  many  of  them  can  decompose  alimentary 
mattei's.  The  author  regard  his  results  as  confirmatory  in  all 
respects  of  the  views  expressed  by  Pasteur  and  Duclaux.   g.  l.  g. 

9.  Mr.  Morong^a  Journey  in  South  America, — Mr.  Waltbb 
Deans,  of  Cambridge,  Mass.,  sends  us  the  following  communica- 
tion : — *'  I  have  received  a  letter  lately  from  the  Kev.  Thomas 
Morong  which  will  interest  his  friends.  The  letter  is  dated 
Asuncion,  Paraguay,  Dec  28,  1888,  where  he  is  at  present  located. 
Mr.  Morong  leU  Boston,  July  30',  1888,  in  the  bark  Eric  J.  Ray 
bound  for  Buenos  Ay  res.  He  went  under  the  auspices  of  the 
Torrey  Botanical  Club,  to  collect  and  study  the  flora  of  South 
America,  and  reached  his  destination  Oct.  8  in  just  70  days,  after 
a  delightful  passage  with  '  clear  days  and  nights,  balmy  air  and 
soft  breezes.'  He  has  just  published  a  sketch  of  '  First  Glimpses 
of  South  American  Vegetation '  in  the  February  number  of  the 
Torrey  Bulletin.  He  writes  in  excellent  spirits  and  says,  *  My 
health  has  been  first  rate  ever  since  I  stepped  on  South  American 
soil  and  I  have  not  had  to  take  a  drop  of  medicine  once.'  Ever 
since  he  reached  Asuncion,  which  was  about  the  first  of  Novem- 
ber last,  he  has  been  most  diligently  collecting  the  rich  and  varied 
vegetation  of  that  tropical  country.  He  makes  the  following 
curious  statement : — ^  The  water  vegetation  disappoints  me,  not  a 
Potamogetou,  or  Naiad,  or  Chara,  to  be  found.  But  I  have  seen 
and  collected  the  Victoria  regia,  and  that  makes  up  in  a  measure 
for  my  disappointment.'  Mr.  Morong  says  that  he  has  some 
2500  specimens,  including  about  250  species,  already  dried  and 
ready  to  send  north.  At  Asuncion  nobody  ventures  out  of  doors 
between  the  hours  of  11  a.  m.  and  3  p.  m.  *for  the  sun  at  115**  is 
a  little  too  much  for  flesh  and  blood.'  So  his  botanical  toiirs  are 
made  at  5  a.  m.  about  the  time  when  the  business  of  the  city  be- 
gins. 'Botanizing  stops  when  they  have  a  downpour  of  rain 
characteristic  of  that  region,  for  then  a  regular  river  runs 
through  the  streets,  nobody  goes  out,  schools  close,  stores  shut  up 
and  all  stay  at  home.'  Asuncion  is  to  be  his  headquarters  at 
present,  as  he  finds  that  he  can  accomplish  more  there  than  at 
Buenos  Ayres." 
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10.  The  Botanic  Garden  at  Buitenzorgy  Java, — Dr.  Treub 
(Comptes  rendus,  cviii,  211,  Feb.,  1889)  says  that  the  Garden  com- 
prises three  parts.  (1),  the  BotaDic  Garden,  properly  so-called,  at 
JSaitenzorg,  consisting  of  a  collection  of  between  eight  and  nine 
thousand  species  of  plants,  (2),  that  at  Tjibodas,  sitnated  io  one  of 
the  most  mountainous  districts,  at  an  altitude  of  1500  meters 
and  (3),  the  Experimental  Garden  in  the  Tjikeumeuh  qnarter, 
where  are  the  plantations  for  raising  the  plants  which  possess 
economic  use  in  the  tropics.  In  the  Garden  at  Buitenzorg,  be- 
sides the  Bureau  of  Administration,  there  is  a  museum,  together 
with  an  herbarium.  There  is  also  a  laboratory  equipped  for 
physiological  and  phytochemical  research.  A  photographic 
studio  completes  the  outfit.  The  whole  institution  is  now  so 
arranged  that  botanists  can  carry  on  their  investigations  under 
the  most  favorable  auspices.  In  fact,  it  is  the  design  of  the  di- 
rection to  make  it  as  useful  to  Botany  as  the  zo5logical  staiioD 
at  Naples,  is  to  zo5logy.  For  the  support  of  the  establishment 
the  Government  of  the  Dutch  East  Indies  grants  annually  the 
sum  of  150,000  francs.  g.  l.  g. 

11.  The  Structure  of  the  "  Crown  ^^  of  the  Root, — L6on  Flot 
{Comptes  rendus,  cviii,  306,  Feb.,  1 889)  gives  the  results  of  his  ex- 
amination of  the  histology  of  the  zone  where  the  stem  joins  the 
root.  He  regards  this  tissue  system  as  a  special  structure.  Morpho- 
logically speaking,  this  part  may  be  said  to  possess,  besides  stem 
proper,  a  larger  or  smaller  section  of  the  epicotyledonary  axis, 
and  it  appears  to  be  derived  directly  from  the  nodal  portion 
previously  existing  in  the  embryo.  o.  l.  g. 

OBITUARY. 

Mr.  U.  P.  James,  long  and  well-known  to  geologists  and  pale- 
ontologists as  a  student  of  the  fossils  of  the  Cincinnati  Group, 
died  at  his  residence  near  Loveland,  Clermont  County,  Ohio,  on 
February  25th  in  his  78th  year.  He  was  born  December  30th, 
1811,  in  Goshen,  New  York  and  went  to  Cincinnati  in  1831  where 
he  has  since  resided.  He  established  himself  in  the  book-selling 
and  publishing  business  in  connection  with  his  brother  Joseph  A 
James,  but  afterwards  continued  the  business  by  himself.  As  a 
recreation  he  interested  himself  in  the  sciences  of  conchology  and 
paleontology  and  amassed  a  very  large  collection  of  the  shells 
and  fossils  of  the  locality  in  which  he  lived.  Many  of  the  latter 
were  described  by  himself  while  others  were  described  in  volumes 
of  the  Geological  Survey  of  Ohio  by  Meek,  Hall  and  Whitfield. 
He  published  the  first  catalogue  of  fossils  of  the  Cincinnati 
Group,  contributed  papers  to  the  Cincinnati  Quarterly  Journal 
of  Science,  the  Journal  of  the  Cincinnati  Society  of  Natural 
History,  and  published  the  Paleontologist  in  seven  issues.  The 
study  of  conchology  occupied  his  earlier  years,  but  in  later  life 
he  devoted  his  time  to  paleontology.  He  was  married  in  1847 
and  leaves  a  widow,  two  sons  and  three  daughters.  The  older 
son  manages  the  business  affairs  in  Cincinnati,  while  the  younger 
is  connected  with  the  U.  S.  Geological  Survey. 
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Art.  XXXIV. — ConipwrUon  of  the  Principal  Forms  of 
the  Dinosauria  of  Europe  and  America;*  by  Professor 
O.   C.  Marsh. 

The  remains  of  Dinosaurian  reptiles  are  very,  abundant  in 
the  Rocky  Mountain  region,  especially  in  deposits  of  Jurassic 
a^e,  and  during  the  past  ten  years,  the  author  has  made  exten- 
81  ve  collections  of  tnese  fossils,  as  a  basis  for  investigating  the 
entire  group.  The  results  of  this  work  will  be  included  in 
several  volumes,  two  of  which  are  now  well  advanced  towards 
completion,  and  will  soon  be  published  by  the  United  States 
Geological  Survey. 

In  tne  study  of  these  reptiles,  it  was  necessary  to  examine 
the  European  forms,  and  the  author  has  now  seen  nearly  every 
known  specimen  of  importance.  The  object  of  the  present 
paper  is  to  give,  in  few  words,  some  oi  the  more  obvious 
results  of  a  comparison  between  these  forms  and  those  of 
America  which  he  has  investigated. 

With  this  purpose  in  view,  it  will  not  be  necessary  to  dis- 
cuss here  the  classification  of  the  Dinosauria,  their  affinities,  or 
their  origin.  These  topics  will  be  treated  fully  in  the  volumes 
in  preparation.  For  the  sake  of  convenience,  however,  the 
ordinal  names  proposed  by  the  author,  and  now  in  general 
use,  will  be  employed, 

*  Abstract  of  a  paper  read  before  Section  0,  of  the  British  Association  for  the 
AdTancement  of  Science,  at  the  Bath  Meeting,  Sept  8th,  1888. 
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Sauropoda, 

The  great  group  which  the  author  has  called  Sauropoda^ 
and  which  is  represented  in  America 'by  at  least  three  well- 
marked  families,  appears  to  be  rare  in  Europe.  Nearly  all  the 
remains  hitherto  discovered  there  have  been  found  in  Englani 
and  most  of  them,  in  a  fragmentary  condition.  The  skull  is 
represented  only  by  a  single  fragment  of  a  lower  jaw  and 
various  isolated  teetli,  and,  although  numerous  portions  of  the 
skeleton  are  known,  in  but  few  cases  have  characteristic  bones 
of  the  same  individual  been  secured. 

Quite  a  number  of  generic  names  have  been  proposed  for 
the  remains  found  in  England,  and  several  are  still  in  use,  bat 
the  absence  of  the  skull,  and  the  fact  that  most  of  the  type 
specimens  pertain  to  different  parts  of  the  skeleton,  render  it 
difficult,  if  not  impossible,  to  determine  the  forms  described 

In  the  large  collections  of  Sauropodfi  secured  by  the  author 
in  America,  which  include  the  remains  of  more  than  one 
hundred  individuals,  both  the  skull  and  skeleton  are  well 
represented.  On  this  material,  his  classification  of  three 
families,  Atla/ntosauridce^  MorosauridAE^  and  DiplodocidcBj  has 
been  based.  The  Pleuroccdidce^  also,  appear  to  be  distinct, 
but  the  remains  at  present  known  are  less  numerous  and  char- 
acteristic than  those  pertaining  to  the  other  divisions  of  this 
group. 

In  examining  the  European  Sauropoda  with  some  care,  the 
author  was  soon  impressed  by  three  prominent  features  in  the 
specimens  investigated  : 

(1)  The  apparent  absence  of  any  characteristic  remains  of 
the  Atlantomuridw^  which  embrace  the  most  gigantic  of 
American  forms. 

(2)  The  comparative  abundance  of  another  family  {Cetio- 
8aurid(e\  nearly  allied  to  the  Morosauridub^  but,  as  a  rule,  lees 
specialized. 

(3)  The  absence,  apparently,  of  all  remains  of  the  Dijilo- 
dooidije, 

A  number  of  isolated  teeth,  and  a  few  vertebrae  of  one  im- 
mature individual  appeared  to  be  closely  related  to  the  PUuro- 
ccelidcB^  but  this,  for  the  present,  must  be  left  in  doubt. 

Among  the  American  forms  of  Sauropoda^  the  skull  is  now 
comparatively  well  known  in  the  principal  families  and  genera. 
Brontosaurxis^  Morosauriis^  and  Diplodocus^  typical  oi  their 
respective  families,  are  each  represented  by  several  skulls,  some 
of  which  are  nearly  complete,  and  characteristic  portions  are 
known  of  the  skulls  of  otlier  genera. 
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The  vertebrsB,  also,  and  especially  the  pelvic  arch,  afford 
distinctive  characters.  By  the  latter  alone,  tne  AUarvtoaauricUB 
and  MorosauridcB  may  be  readily  distinguished.  In  the 
absence  of  the  skull,  this  is  a  point  of  importance  in  a  compari- 
son of  European  with  American  forms. 

In  the  AUa/ntosauridcB^  the  ischia  are  nearly  straight,  and 
when  in  position,  extend  downward  and  inward,  meeting  on 
the  median  line  by  a  symphysis  of  the  two  ends,  as  in  croco- 
diles. In  the  Moroaav/riacB^  the  ischia  are  twisted,  and  extend 
inward  and  backward,  with  the  inner  margins  alone  meeting 
each  other  on  the  median  line,  the  ends  being  frea 

All  the  ischia  of  Sauropoda  known  from  JEurope  appear  to 
be  of  the  latter  type,  although  proportionally  broaaer  ana  more 
massive  than  those  of  the  corresponding  American  forms. 
The  ilia  and  pubes  associated  with  these  ischia  a^ree  in  their 
main  features  with  those  of  the  American  genus  Morosaurvs^ 
so  that  there  can  be  little  doubt  that  the  same  general  form  is 
represented  in  both  countries. 

A  striking  difference  between  the  CetioaauridoR  and  the 
allied  American  forms  is  that,  in  the  former,  the  fore  and  hind 
limbs  appear  to  be  more  nearly  of  the  same  length,  indicating 
a  more  primitive  or  generalized  type.  Nearly  all  the  Ameri- 
can iSauropoda^  indeed,  show  a  higher  degree  of  specialization 
than  those  of  Europe,  both  in  this  feature  and  in  some  other 
respects. 

The  identity  of  any  of  the  generic  forms  of  European  Sau- 
ropoda with  those  of  America  is  at  present  doubtful.  In  one 
or  two  instances,  it  is  impossible,  from  the  remains  now  known, 
to  separate  closely  allied  forms  from  the  two  countries.  Por- 
tions of  one  animal  from  the  Wealden,  referred  by  Mantell  to 
Pdorosaurua  under  the  name  P,  BecTdesii^*  are  certainly 
very  similar  to  some  of  the  smaller  forms  of  MorosauruSy 
especially  in  the  proportions  of  the  fore  limbs  which  are 
unusually  short.  This  fact  would  distinguish  them  at  once 
from  Pdorosaurus^  and  until  the  skull  and  more  of  the  skele- 
ton are  known,  they  cannot  be  separated  from  Morosaurua^ 
and  should  be  known  as  Morosaurxis  BecJdesii  During  the 
examination  of  this  specimen,  which  is  in  the  collection  of  its 
discoverer,  Mr.  S.  H.  Beckles,  of  St.  Leonards,  England,  the 
author  found,  attached  to  the  humerus,  portions  of  the  osseous 
dermal  covering,  the  first  detected  in  the  Sauropoda^  and 
known  only  in  the  present  specimen. 

A  dozen  or  more  generic  names  have  been  proposed  for  the 
European  forms  of  Sauropoda^  and  of  these,   Cetiosaums^ 

*  Morris'  Catalogue  of  British  Fossils,  p.  361,  1854. 
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Owen,  184:1,  is  the  earliest,  and  mast  be  retained.  The 
remains  on  which  this  genas  was  based  are  from  the  Great 
Oolite,  or  Middle  Jurassic.  Cardiodon^  Owen,  1846,  is  from 
nearly  the  same  horizon,  and  there  appears  no  evidence  that 
the  two  forms  are  not  identical.  Pdorosav/niSj  Mantell,  1860, 
is  from  the  Wealden,  and  may  be  distinct,  but,  at  present,  the 
proof  is  wanting.  OplosaurvSj  Gervais,  1852,  al^  from  the 
Wealden  of  England,  cannot  well  be  separated  from  Pdoro- 
saurxis.  Gigantosaurus^  Seeley,  1869,  from  the  Kimmeri(ke 
of  the  Upper  Jurassic,  may  prove  to  be  different  from  the 
above,  but  the  type  specimens  alone  do  not  indicate  it  BoHi- 
riospondyhis^  Owen,  1875,  is  also  from  the  Kimmeridge, 
and,  although  the  type  specimen  pertains  to  a  very  young,  if 
not  fcetal  individual,  it  seems  to  be  distinct,  and  may  be  nearly 
allied  to  the  American  genus  Pleuroccdus,  The  author  failed 
to  find  conclusive  evidence  in  the  type  specimens  tbemselveg 
for  the  use  of  the  other  generic  names  proposed,  namely: 
Oniithopsis^  Seeley,  1870,  from  the  Wealden;  JSttccmierotw^ 
Hulke,  1872,  Wealden ;  Ischyrosaurus  (preoccupied),  Hulke, 
1874,  Kimmeridge ;  and  ChondrosteosomntSy  Owen,  1876, 
Wealden. 

^pyosaurua^  Gervais,  1852  ;  MacrurosauruSj  Seeley,  1876; 
and  jUinodocmSy  Owen,  1884,  all  represent  forms  from  the 
Cretaceous,  but  their  relations  to  each  other  cannot  yet  be 
determined. 

Discoveries  of  more  perfect  specimens  may  establish  the  fact 
that  the  forms  in  the  different  geological  horizons  are  distinct, 
but  as  long  as  the  known  remains  are  so  isolated  and  frag- 
mentary, this  point  must  be  left  in  doubt. 

The  European  Sauropoda  at  present  known  are  from  deposits 
more  recent  than  the  Lias,  and  none  have  been  found  above 
the  Upper  Greensand.  In  America,  this  group  apparently  has 
representatives  in  the  Trias,  was  very  abundant  in  tlie  Jurassic, 
but,  so  far  as  now  known,  did  not  extend  into  the  Cretaceous. 

Stegosauria. 

Another  group  of  Dinosaurian  reptiles,  which  the  author  has 
called  the  Stegosauria^  from  the  typical  American  genus  ^/eoo- 
saurus^  is  well  represented  in  European  deposits.  The  remains 
already  discovered  are  more  numerous,  ana  in  better  preserva- 
tion, than  those  of  the  Sau7'opoda^  and  the  number  or  distinct 
generic  forms  is  much  larger.  The  geological  range,  also,  is 
greater,  the  oldest  forms  known  being  from  the  Lias,  and  the 
latest,  from  the  Cretaceous. 

These  reptiles,  although  very  large,  were  less  gigantic  in  sixe 
than  the  Sauropoda^  and  were  widely  different  from  them  in 
their  most  important  features.  Their  nearest  allies  were  the 
Omithopoda^  to  which  they  were  closely  related. 
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All  the  known  memberB  of  the  groap  appear  to  have  had  an 
068eou6  dermal  armor,  more  or  less  complete. 

One  of  the  best  preserved  specimens  of  the  Stegosauria  in 
Europe  was  described  by  Owen,  in  1875,  as  Omosaurus  arma- 
ttiSj  and  the  tjpe  specimen  is  in  the  British  Museum.  It  is 
from  the  Kimmeridge  Clay  (Upper  Jurassic),  of  Swindon, 
England.  The  skull  is  wanting,  but  the  more  important  parts 
of  the  skeleton  are  preserved.  Various  portions  of  the  skele- 
ton of  several  other  individuals  have  also  been  found  in  Eng- 
lant],  but  the  skull  and  teeth  still  remain  unknown. 

A  recent  examination  of  these  specimens  by  the  author  dis- 
closed no  characters  of  sufScient  importance  to  separate  them 
from  the  genus  Stegosaurus,  and,  as  the  name  Omosaurus  is 
preoccupied,  they  should,  for  the  present,  at  least,  be  referred 
to  Stegosaurus,  The  discovery  of  the  skull  and  the  dermal 
armor  may  not  unlikely  prove  them  to  be  distinct,  but  the 
parts  now  available  for  comparison  do  not  alone  authorize  their 
separation. 

The  type  specimen  of  Anthodon  serrarius^  Owen,  a  frag- 
ment of  a  jaw  from  South  Africa,  and  now  in^  the  British 
Museum,  has  teeth  so  very  similar  to  the  American  forms  of 
Stegosaurus^  that,  judging  from  these  alone,  it  would  naturally 
be  referred  to  that  genus.  HyliBosaums^  Mantell,  from  the 
Wealden,  has  teeth  of  the  same  general  type,  but  most  of  those 
referred  to  it,  by  Mantell  and  others,  pertam  to  the  Sauropoda. 
This  genus,  as  well  as  Polacanthus^  Hulke,  from  the  same 
formation,  Acanthopholis^  Huxley,  from  the  Cretaceous,  and 
Scdidosaurus^  Owen,  from  the  Lias,  are  known  from  English 
specimens,  but  have  not  yet  been  found  on  the  continent.  No 
American  forms  of  these  genera  have  yet  been  discovered. 

An  interesting  Cretaceous  member  of  this  group  is  the 
Siruthtosaurus^  Bunzel,  1871,  apparently  identical  with  Danu- 
hiosa/urus  of  the  same  author,  1871,  and  Cratmoinus^  Seeley, 
1881.  It  is  from  the  Gosau  formation  of  Austria.  Although 
only  fragments  of  the  skeleton  and  dermal  armor  are  known, 
some  of  these  are  very  characteristic.  One  specimen  of  the 
latter,  figured  by  Seeley,  and  regarded  as  a  dermal  plate,  bear- 
ing a  horn-like  spine  "  exactly  like  the  horn-core  of  an  ox,"* 
is  veiT  similar  in  form  to  some  problematical  fossils  from 
Amenca,  the  exact  horizon  of  which  is  in  doubt.f 

♦  Quarterly  Journal  of  the  Geological  Society  of  London,  vol.  xzxvii,  Plate 
XXVIII,  fig.  4,  1881. 

t  Additional  remains  secured  during  the  past  season  prove  conclusively  that 
some  of  ihese  '*  horn-cores,"  if  unt  all,  were  attached  to  the  skull  in  pairs,  and 
one  specimen  found  in  place  has  since  been  described  by  the  author  as  Ceraiops 
morUanus  (This  Journal,  vol.  xxxvi,  p.  477.  December,  1888).  It  is  from  the 
Laramie  formation  of  Montana.  Others  have  been  found  in  Ck)lorado  and  in 
Wyoming.    These  are  all  much  larger  than  the  European  specimens. 
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Palceo8cin<ni8^  Leidy,  1856,  from  the  Cretaceous,  and  Pri 
conodon  of  the  author,  1888,  from  the  Potomac  formation,  are, 
perhaps,  allied  forms  of  the  Stegoaauria^  but,  until  additional 
remains  are  found,  their  exact  amnities  cannot  be  determined. 
Apparently,  the  oldest  known  member  of  this  ffroup  in  America 
is  the  Dystrophmus^  Cope,  1877,  from  the  Trias  of  Arizona. 
In  Europe,  none  have  yet  been  found  below  the  Jurassic 
The  Euskelesaums^  of  Huxley,  1867,  from  the  Trias  of  Sontl 
Africa,  is  apparently  a  member  of  this  group. 

Ornithopoda. 

The  great  group  which  the  author  has  called  the  OmMuj^ 
poda  is  well  represented  in  Europe  by  Iguanodon  and  its 
allies.  The  remarkable  discoveries  in  the  Wealden  of  Bel- 
gium, of  a  score  or  more  skeletons  of  Iguanodon^  have  fnr- 
nished  material  for  an  accurate  study  of  the  genus  which  thev 
represent,  and,  indirectly,  of  the  family.  The  genus  Iguano- 
douy  founded  by  Mantell  in  1824,  is  now  the  best  known  of 
European  forms,  and  need  not  here  be  discussed.  Hyprnk- 
phodon^  Huxley,  1870,  from  the  Wealden,  is  likewise  well 
represented,  and  its  most  important  characters  fully  deter- 
mined. The  other  genera  of  this  group,  among  which  are 
Mochlodon^  Bunzel,  1871,  Yectisaurua^  Hulke,  1879,  Orth/o- 
meyms^  Seeley,  1883,  and  Sphenospondylus^  Seeley,  1883,  are 
described  from  less  perfect  material,  and  further  discoveries 
must  decide  their  distinctive  characters. 

None  of  these  genera  are  known  from  America,  but  allied 
forms  are  not  wanting.  A  distinct  family,  the  Hadrosaurida. 
is  especially  abundant  in  the  Cretaceous,  and  another,  the 
Camptosauridm^  includes  most  of  the  Jurassic  species.  The 
latter  are  the  American  representatives  of  the  Iguunodoniid^Jt. 
The  nearest  allied  genera  are,  apparently,  Iguanodon  and 
Cartiptosaurus  for  the  larger  forms,  and  Hymilophodon  and 
LdOHauriis  for  those  of  small  size.  A  few  isolated  teeth  from 
each  country  suggest  that  more  nearly  related  forms  may  at 
any  time  be  brought  to  light. 

Many  generic  names  have  been  proposed  for  members  of 
this  group  found  in  America  and  in  Europe,  but,  in  most  case^, 
they  are  based  on  fragmentary,  detached  specimens,  which 
must  await  future  discoveries  before  they  can  be  assigned  to 
their  true  place  in  the  order. 

As  a  whole,  the  European  Ornithopoda  now  known  seem  to 
be  less  specialized  than  those  of  America,  but  additional  dis- 
coveries may  modify  this  opinion.  The  geological  range  of 
this  group,  so  far  as  known,  is  essentially  the  same  on  eacli 
continent,    being   confined   to   the   Jurassic    and    Cretaceons. 
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There  is  some  evidence,   from  footprints,  at  least,  that,  in 
America,  the  order  was  represented  in  the  Trias. 

Thbropod  A. 

The  carnivorous  Dinosauria  have  all  been  included,  by  the 
author,  in  one  order,  Theropoda^  although  there  are  two  or 
three  suborders  quite  distinct  from  each  other.  This  great 
group  is  well  represented  both  in  Europe  and  America  in  the 
Trias,  is  especially  abundant  in  the  Jurassic,  and  diminishes  in 
the  Cretaceous,  at  the  close  of  which,  it  apparently  becomes 
extinct. 

The  tvpical  genus  is  Megalosaurus^  Buckland,  1824,  the  type 
of  whicn  was  tne  first  Dinosaurian  reptile  described.  Although 
its  remains  are  comparatively  abnnaant  in  Europe,  they  have 
been  found  only  in  a  fragmentary  condition,  and  many  impor- 
tant points  in  the  structure  of  the  skull  and  skeleton  are  still 
in  doubt. 

The  oldest  representatives  of  this  group  in  Europe  are 
Thecodontoaaurus,  Riley  and  Stutchbury,  1836,  and  Plateo- 
sauruSj  von  Meyer,  1837,  both  from  the  Trias.  The  former 
^enns  is  from  the  lower  horizon,  near  Bristol,  England ;  the 
latter,  from  the  Keuper  of  Germany.  Zanclodon,  Plieninger, 
184(5,  is  from  the  same  horizon  as  Plateosaurus^  and  appears 
to  be  the  same  thing.  Masaospondylus^  Owen,  1854,  from  the 
Trias  of  South  Afnca,  is  apparently  a  form  allied  to  Theco- 
dontosaurus.  The  nearest  American  genus  is  Anchisaurvs^ 
two  species  of  which  are  known  from  the  Connecticut  River 
sandstone. 

The  most  interesting  member  of  the  Theropoda  known  in 
Europe  is  the  diminutive  specimen  described  by  Wagner,  in 
1861,  as  CompsognathuH  longipes.  The  type  specimen,  the 
only  one  known,  is  from  the  lithographic  slates  or  Solenhofen, 
Bavaria,  and  is  now  preserved  m  the  museum  in  Munich. 
Fortunately,  the  skull  and  nearly  all  the  skeleton  are  preserved, 
and  as  it  has  been  studied  by  many  anatomists,  its  more  impor- 
tant characters  have  been  made  out.  It  is  regarded  as  repre- 
senting a  distinct  suborder,  and  no  nearly  related  forms  are 
known  in  Europe  Its  nearest  ally  is  probably  the  specimen 
from  Colorado,  described  by  the  author,  in  1881,  as  HallopuB 
victor.  This  animal  was  about  the  same  size  as  Compsognatavs^ 
and  resembles  it  in  some  important  features.  It  is  probably 
from  nearly  the  same  geological  horizon,  but  may  be  somewhat 
older.  Each  of  these  specimens  appears  to  be  unique,  and  until 
a  careful  comparison  ot  the  two  is  made,  their  relations  to  each 
other  can  only  be  conjectured. 

The  American  representative  of  Megalosaurus  is  apparently 
AUosaurus,  a  genus  established  by  the  author,  in  1877.     The 
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type  specimen  is  from  Colorado,  from  a  higher  horizon  in  the 
Jurassic  than  that  of  Meaalo8av/rus,  Nearly  every  part  of 
the  skeleton  of  this  genas  is  now  known,  and  the  more  impor- 
tant portions  have  been  described  and  figured  by  the  antnor. 
CreosauruSy  also  from  the  Jurassic,  is  an  allied  form,  and 
Dryptosaurus^  from  the  Cretaceous,  is,  perhaps,  also  closely 
related.  A  very  distinct  form  in  the  Jurassic  is  Lahromurm, 
described  by  the  author,  in  1879.  It  is  known  from  detached 
specimens  only,  but  these,  especially  the  jaws,  edentulous  in 
front,  show  it  to  represent  a  distinct  family. 

The  most  perfectly  known  of  American  Theropoda^  and  bv 
far  the  most  interesting,  is  the  genus  Ceraiosaurus^  founded 
by  the  author,  in  1884.  This  is  the  representative  of  a  very 
peculiar  family,  which  differs  in  some  important  respects  from 
all  other  known  Dinosaurs.  The  skull  and  nearly  all  the 
various  parts  of  the  skeleton  are  known.  When  found,  they 
were  entire,  and  in  the  position  in  which  the  animal  died 
The  skull  and  some  of  the  more  interesting  parts  of  the  skele- 
ton have  been  figured  by  the  author,  and  all  will  soon  be  fully 
described. 

The  skull  bears  a  large  elevated  horn-core  on  the  median  line 
of  the  nasals.  The  cervical  vertebrse  differ  in  type  from  those 
of  any  other  known  reptiles,  having  the  centra  plano-concave. 
All  behind  the  axis  have  the  anterior  end  of  each  centrum 
perfectly  flat,  while  the  posterior  end  is  deeply  cupped.  This 
genus,  moreover,  differs  from  all  known  Dinosaurs  in  having 
the  elements  of  the  pelvis  (ilium,  puljis,  and  ischium)  coos- 
sified,  as  in  all  existing  birds.  The  metatarsals,  also,  are  firmly 
united,  as  in  birds.  No  representatives  of  the  Ceratosaurid(B 
are  known  in  Europe. 

In  conclusion,  it  may  safely  be  said  that  the  four  great 
groups  of  Dinosawria  are  each  well  represented  both  in  Eu- 
rope and  America.  Some  of  the  families,  also,  of  each  order 
have  representatives  in  the  two  regions,  and  future  discoveries 
will  doubtless  prove  that  others  occur  in  both. 

No  genera  common  to  the  two  continents  are  known  with 
certainty,  although  a  few  are  so  closely  allied,  that  they  cannot 
be  distinguished  from  each  other  by  the  fragmentary  speci- 
mens that  now  represent  them.  It  must  be  remembered  that 
the  great  majority  of  genera  have  been  named  from  portions 
of  skeletons,  of  which  tlie  skull  was  unknown,  and  until  the  la^ 
ter  is  found,  and  definitely  associated  with  the  remains  described, 
the  characters  and  aflSnities  of  the  genus  can  be  only  a  matter  of 
conjecture,  more  or  less  definite,  in  proportion  to  the  perfec- 
tion of  the  type  specimens. 
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From  Asia  and  Africa,  also,  a  few  remains  of  Dinosaurs 
liaye  been  described,  and  the  latter  continent  promises  to  yield 
many  intereeting  forms.  Obaracteristio  specimens,  reprint- 
in^  two  genera,  one  apparently  belonging  to  the  Stego8av/ria^ 
ana  one  to  the  Ther(^poda^  are  already  known  from  South 
Africa,  from  the  region  so  rich  in  other  extinct  Beptilia. 

From  Australia,  no  Dinosauria  have  as  yet  been  recorded, 
but  they  will  undoubtedly  be  found  there,  as  this  great  group 
of  Beptiles  were  the  dominant  land  animals  of  the  earth,  dur- 
ing all  Mesozoic  time. 
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O.  C.  Marsh. 

In  the  large  series  of  Dinosaurian  remains  brought  together 
by  the  writer,  in  the  last  few  years,  and  now  under  investiga- 
tion, there  are  a  number  of  new  forms,  some  of  which  are 
briefly  noticed  below.  These  will  all  be  fully  described  and 
figured  in  the  memoirs  now  in  preparation,  by  the  writer,  for 
the  United  States  Geological  Survey. 

Anchisattrus  major^  sp.  nov. 

The  remains  of  this  reptile  are  from  the  sandstone  of  the 
Connecticut  River  valley,  which  has  long  been  known  for  the 
great  variety  of  footprints  it  contains,  especially  those  sup- 
posed to  have  been  made  by  birds.  The  extreme  raritv  of  any 
Dones  in  these  beds  is  equally  well  known,  not  more  than  haft 
a  dozen  finds  having  yet  been  made,  and  only  a  few  of  these 
of  much  scientifi!c  interest.  A  portion  of  a  skeleton  found 
near  Springfield,  Mass.,  and  described  by  Hitchcock,  in  1865, 
as  Megadactylvs^  has  hitherto  been  by  far  the  most  important 
of  these  discoveries.  It  is  a  typical  member  of  the  order 
Theropoda^  and  has  apparently  for  its  nearest  allies  in  the  old 
world,  Thecodontoaauras^  from  the  Trias  of  England,  and 
MaasospondylVfS^  from  the  same  formation  in  South  Africa. 

The  remains  here  described  represent  a  later  discovery,  in 
1884,  near  Manchester,  Conn.,  in  essentially  the  same  horizon 
as  the  Springfield  specimen.  They  indicate  an  animal  of 
larger  size,  but  in   many  respects   nearly  allied  to  the  one 
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described  by  Hitchcock.  Both  apparently  belong  to  the  sune 
eenus,  which  the  writer  has  called  Anohtsaurus,  as  the  Dame 
first  f^veD  was  preoccnpied. 

The  present  specimen  is  part  of  a  skeleton  which  was  prot»- 
bly  complete,  and  in  position,  when  discovered,  but  for  wiat 
of  proper  appreciation  at  the  time,  only  the  posterior  portiw 
was  secarea.  This  consists  of  the  nearly  entire  pelvic  tnji, 
with  both  hind  limbs  essentially  complete,  and  in  pootion 
As  this  was  one  of  the  animals  tliat  are  snppoaed  to  hare  madi 
the  footprints,  one  of  the  hind  feet  is  figored  below. 


In  the  present  specimen  there  are  only  three  sacral  vertebiw. 
All  the  dorsal  vertebrffi  preserved  have  their  articnlar  ends 
biconcave,  or  nearly  plane. 

The  ilium  has  a  slender  preaeetabular  process,  thus  differing 
from  most  of  the  other  Theropoda.  The  ischia  are  very 
slender,  and  are  directed  backward.  For  the  posterior  ha& 
of  their  length,  they  are  closely  adapted  to  each  other. 

The  known  remains  of  this  species  indicate  an  animal  about 
six  or  eight  feet  in  length. 
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Moro8aunt«  lentus,  ap,  nov. 

One  of  the  most  iDteresting  specimene  of  Sauropoda  in  the 
7ale  Musenm  pertaioH  to  a  Bpecies  of  Moroaa/urue  much 
smaller  than  M.  grajidis,  the  type,  and  differing  materially  in 
other  respects.  The  ekcll  is  not  known,  bat  nearly  all  the 
important  parts  of  the  skeleton  are  well  repreaenteo,  and  in 
excellent  preservation.  The  individual  was  not  fully  adult, 
and  hence,  the  elements  of  the  vertebrte  and  sacrum  are,  in 
most  cases,  separate,  thus  afEording  special  facilities  for  inves- 
tigation. 

The  limb  bones  and  feet  show  that  the  fore  and  hind  legs 
were  much  shorter  than  those  of  the  other  species  of  the 
genns.  The  vertebrae,  also,  are  shorter,  more  massive,  and  the 
cavitiea  in  them,  smaller.  All  parts  of  the  skeleton  preserved 
are  of  similar  density,  indicating  that  the  whole  osseous  stmc- 
tare  of  the  animal  was  more  solid  than  any  other  of  the  known 
Sauropoda.  The  vertebne  of  the  cervical  and  dorsal  regions 
have  their  centra  more  depressed  than  in  the  other  species  of 
this  genus,  and  may  easily  be  distingnished  by  this  feature 
alone.  Tho  nenraf  arch  rests  directly  npon  the  centrum, 
instead  of  being  elevated  on  pedestals  above  the  articular  faces. 
This  feature  is  well  shown  in  the  tigure  below. 


The  type  specimen  of  the  species  here  described  indicates  an 
animal  about  thirty  feet  in  length.  The  known  remains  are 
from  the  Atlantosaurus  beds  of  the  Upper  Jurassic,  in 
Wyoming. 
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Moroeaunie  agtlia,  8p.  nov. 

A  second  oew  species,  which  apparently  belongs  to  the  same 
genae,  ie  represented  bj  the  posterior  half  of  the  skull,  the 
anterior  cervical  vertebree,  and  other  parts  of  the  skeletoE 
This  animal  was  in  direct  contrast  with  the  one  last  deflcribed. 
the  skull  and  skeleton  being  especially  ^i^^^  ^^id  delicate  in 
structure  for  one  of  the  Sauropoda.  It  was  also  much  smaller 
in  size,  being  the  most  diminutive  known  member  of  the 
genus,  probably  not  more  than  fifteen  feet  in  length. 

The  figure  below  represents  the  back  of  the  bkuII  with  tie 
atlas  attached,  and  the  postoccipital  bones  in  place.  The  axis 
and  third  cervical  were  also  fonnd  in  position.  These  will 
serve  to  distinguish  the  present  species  from  the  others  of  the 
genus,  as  they  are  proportionally  much  longer,  and  of  lighter 
stmcture. 


The  hind  feet  of  the  present  specimen  agree  in  general 
structure  with  those  of  Moromnrua  grandis,  bnt  differ  id 
having  the  first  digit  unusually  large  and  massive  in  compari-on 
with  the  others.  The  third,  fourth,  and  fifth,  are  especially 
slender. 

This  interesting  specimen  was  found  in  the  Upper  Jnrasric 
beds  of  Colorado,  by  Mr.  M.  P.  Felch,  whose  researches  have 
brought  to  light  so  many  important  remains  of  the  Dinosauria. 

Ctratops  horridua,  sp.  nov. 

The  strange  reptile   described   by  the  writer  as   Ceratopf 

niontanus*  proves  to  have  been  only  a  subordinate  member  of 

•This  .Toiimal,  vol.  iMvi,  p.  477,  Dec,  IS8S,  Siaatio  p.  SST  of  the  pi«f»l 
number.     The  specimen  figured  in  vol  ixiiv,  p.  324,  n»y  proTe  to  bekcf  W 

the  Bftme  genus. 
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the  family.  Other  remains  received  more  recently  indicate 
forms  mach  larger,  and  more  grotesque  in  appearance.  They 
also  afford  considerable  information  in  regard  to  the  structure 
of  these  animals,  showing  them  to  be  true  Stegoscmria^  but 
with  the  skull  and  dermal  armor  strangely  modified  and 
specialized  just  before  the  group  became  extinct 

The  vertebrae,  and  the  bones  of  the  limbs  and  of  the  feet, 
are  so  much  like  the  corresponding  parts  of  the  typical 
Stegosaurus  from  the  Jurassic,  that  it  would  be  difficult  to 
separate  the  two  when  in  fragmentary  condition,  as  are  most 
oi  those  from  the  later  formation.  The  latter  forms,  however, 
are  of  larger  size,  and  nearly  all  the  bones  have  a  peculiar 
rugosity,  much  less  marked  in  the  Jurassic  species.  In  the 
form  here  described,  this  feature  is  very  conspicuous,  and 
marks  almost  every  known  part  of  the  skeleton. 

In  the  type  specimen  of  the  present  species,  the  posterior 
horn-cores  are  much  larger  than  these  appendages  in  any  other 
known  animal,  living  or  extinct.  One  of  them  measures  at 
the  base,  no  less  than  twenty-seven  inches,  and  about  sixteen 
inches  around,  half  way  to  the  summit.  Its  total  height  was 
about  two  feet.  In  general  form,  these  horn-cores  resemble 
those  of  Ceratops  raordanus^  but  the  anterior  margin  is  more 
compressed,  showing  indications  of  a  rid^e. 

The  top  of  the  skull,  in  the  region  of  the  horn-cores,  is  thick 
and  massive,  and  strongly  rugose. 

This  skull  as  a  whole  must  have  had  at  least  fifty  times  the 
weight  of  the  skull  of  the  largest  Sauropoda  known,  and  this 
fact  will  give  some  idea  of  the  appearance  of  this  reptile  when 
alive. 

As  previously  stated,  the  posterior  pair  of  horn-cores  of  this 
family  are  hollow  at  the  base,  and  in  form  and  surface  mark- 
ings are  precisely  like  those  of  the  Bovidce.  The  resemblance 
is  so  close  that,  when  detached  from  the  skull,  they  cannot  be 
distinguished  by  any  anatomical  chai*acter.  This  accurate 
repetition,  in  later  and  still  existing  forms,  of  the  highly  special- 
ized weapons  of  an  extinct  group  of  another  class  is  a  lact  of 
much  interest. 

The  present  specimen  is  from  the  Laramie  formation  of 
Wyoming,  but  fragmentary  remains,  which  may  be  referred 
provisionally  to  the  same  species,  have  been  found  in  Colorado. 

Hadrosaurus  breviceps^  sp.  no  v. 

An  interesting  specimen  in  the  Yale  University  Museum, 
from  Montana,  indicates  a  large  Dinosaur,  apparently  belonging 
to  the  genus  Hadrosaurus^  and  hitherto  unknown.  It  is  the 
dentary  portion  of  the  right  maxillary,  and  is  so  characteristic, 
that  it  is  here  briefly  described  and  figured.  Its  main  features 
are  well  shown  in  figures  4  and  5  below. 
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The  teeth  are  very  numerous,  and  form  a  tessellated  surface, 
as  in  Hadrosaurus  Toulkii,  Leidy,  but  they  are  more  eloueate, 
and  the  outer  enamelled  faces  ard  less  distinctly  rhomboid  in 
form.  The  fi;roovee,  also,  in  which  the  inner  snrfacee  of  the 
fangs  were  inserted,  are  less  regalar,  than  in  that  species. 


PlOlTBE  4. — Rigbt  maiillary  or  Badroiaunii  brerieepi,  UarBli ;  outside  view. 
FiGUBB  9. — The  same  jaw ;  showiog  woro  surface  oC  teeth. 
Both  Ggur^s  are  one-fourth  natural  BiEe. 

The  present  specimen  is  from  the  Laramie  formation  of 
Montana. 

Hadrosaurus paucidens,  sp,  nov. 

In  stronff  contrast  with  the  species  above  described  is 
another  from  the  same  region  and  same  formation.  The  best 
preserved  specimen  that  now  represents  it  is  a  left  maxillair. 
nearly  complete.  With  this  was  found  some  other  portions  of 
the  sKull,  but  the  maxillary  affords  the  best  distinctiTe  char- 
acters. All,  however,  indicate  a  skull  of  extreme  lightness 
and  delicacy  of  build  for  one  of  the  Ornithopoda.  The  mai- 
illary is  especially  slender,  and  the  anterior  and  posterior  ex- 
tremities are  pointed.  The  middle  of  the  bone  is  more  mas- 
sive, but  yet  very  light  foi-  this  portion  of  the  sknll.  The 
teetli  arc  of  the  general  type  of  those  in  this  genus,  but  are 
comparatively  few  in  nmnber,  and  only  one  row  appears  to 
have  been  in  service. 

The  maxillary  preserved  is  about  ten  inches  in  length,  and 
three  inches  high  near  the  center.  The  row  of  teet£  in  use 
contains  about  thirty. 

The  remains  on  which  the  present  species  is  based  were 
fonnd  in  18S8,  in  the  Laramie  formation  of  Montana,  by  Mr. 
J.  B.  Hatcher,  of  the  United  States  Geological  Survey. 

New  Haven,  Codd.,  March  2!j,  1889. 
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Art.  XXXVI. — The  Electrical  Resistance  of  Stressed  Glass; 

by  Carl  BARua 

The  thermal  relations  of  the  resistance  of  glass,  originally 
studied  by  Buff,*  have  more  recently  been  made  the  subject 
of  research  in  memoirs  by  Beetz,t  Foussereau,:j:  Perry,§  Thos. 
Gray, I  and  others.  Warburg's^f  experiments,  however,  throw 
new  light  on  the  inauiry,  by  showing  that  the  apparent  polar- 
ization evoked  by  tne  passa^  of  current,  is  due  to  a  layer  of 
non-conducting  silica  depositmg  at  the  anode.  If  this  be  con- 
tinually dissolved  by  an  electrode  of  sodium  amalgam,  the 
apparent  polarization  is  so  far  removed  that  an  almost  constant 
current  may  be  kept  up  indefinitely.  If  the  film  be  not 
removed,  conduction  soon  ceases  and  the  glass  behaves  like  a 
condenser  of  measurable  capacity. 

The  effect  of  temperature  on  the  conductivity  of  glass  has 
thus  been  mapped  out  with  considerable  detail,  and  it  will  be 
superfluous  to  add  new  data  in  the  following  paper.  I  pur- 
pose therefore  to  confine  myself  narrowly  to  the  effects  of 

♦  Buflf:  Lieb.  Ann.,  xc,  p.  257,  1854. 

f  Beetz:  Pogg.  Ann.,  Jubelband.  p.  23,  1874. 

X  Foussereau :  Journ.  de  phys.,  II,  xi,  p.  254,  1883. 

I  Perry:  Proc.  Roy.  Soc.,  iiiii,  p.  468,  1875. 

Tt.  Gray:  Proc.  Roy.  Soc,  xzxiv,  p.  199,  1883. 

T  Warburg:  Wied.  Ann.,  xxi,  p.  622,  1884;  ib.,  xxxv,  p.  456,  1888. 
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stress*  OD  electrolyzing  glaas,  kept  as  nearly  aa   practicable  >t 
difEerent  constant  temperatnres  between  100"  and  360°. 

2.  The  apparatoB  with  which  most  of  my  definite  experi- 
ments were  madet  are  shown  ia  figures  1  and  2,  and  are  differ- 
ential in  kind.  The  resistances  across  eqnal  parte  of  the  walk 
of  two  nearly  identical  glass  tubes,  respectively  stressed  wH 


nnstressed,  are  compared.  These  tnbes  are  shown  at  ahcFasA 
Ekhf,  The  ends  proper  are  bent  hook-shaped  ;  and  those  of 
the  glass  tube  to  be  operated  on,  fastened  by  aid  of  screws  and 
cement,  between  slabs  of  wood  A  and  B.  AiB  fixed  ;  B  pro- 
vided with  a  hook,  P,  from  which  a  scale  pan  may  be  hong; 

*  Reference  may  here  bo  made  to  J.  and  P,  Curie  (C.  B„  xd,  pp.  2S4,  383  ;  lai, 
p.  350.  IBS!  ;  iciii,  p.  1137,  1381).  and  to  Hankel  (Wied.  Ado.,  p.  MO,  1881), 
wlio  ahaw  that  in  certain  liernihedral  crystals  loDgitudinaJ  compresaiaii  ib  aeciicB- 
panied  by  the  maoireiitatioD  of  electromotive  foroa.  Curie's  rerj  recent  weak  ii 
Bianinarizod  id  the  lieiblatter,  lii,  p.  BM  to  867,  1888, 

f  The  earlier  eiperinneolB  were  made  with  single  tubee  altematelj  bIiiwiiI  vtA 
UDBtresaed,  inserted  in  a  nimple  galvanic  circuit  Iq  euch  a  case,  faowev«r,  Bin- 
tuntioos  of  temperature  often  obscured  the  effect  to  be  observed,  bejaiid  naifn- 
tion.     Of.  §  1.  , 
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ith  a  lever  arrangement  for  twisting.  In  the  experiments 
3  the  load  was  gradually  increased  as  far  as  20  k/;.,  but  the 
}  were  strong  enough  (theoretically)  to  sustain  ahout  three 
3  this  weight.  The  remainder  of  the  figure  shows  the 
3e8  for  heating  and  for  passing  the  currents.  Figure  1  is 
ted  for  high  boiling  points  (aniline,  etc.),  figure  2  for 
Q.  An  apparatus  similar  to  figure  I  was  used  for  mer- 
In  figure  1,  G  is  the  ebullition  liquid,  heated  by  a  Gibb's 

burner  RR  surrounding  the  wide  glass  tube  dd.  A 
)wer  glass  tube  gg^  closed  below  with  a  perforated  cork 
i^h  which  pass  the  experimental  tubes  (WC  and  ekh^  is 
ally  filled  with  sodium  amalgam.  This  is  practically  one 
inal  of  the  battery,  the  wire  connecting  at  p.  The  other 
inal,  after  passing  through  the  respective  coils  of  a  differ* 
il  galvanometer,  connects  at  m  and  f  with  the  sodium 
gam  contained  in  the  experimental  tubes  dbc  and  eJch, 
18  notation  in  figure  2  is  the  same  as  that  in  figure  1.  The 
forms  of  apparatus  are  essentially  identical,  except  that  in 
•e  2  it  is  expedient  to  pass  steam  through  eirf,  the  vapor 
ring  at  S  and  leaving  the  apparatus  at  ly.  For  reasons 
d  below,  §6,  it  is  aesirable  'that  the  menisci  of  the 
Igam  contained  in  a5c?i^and  ekhf  figure  1,  be  visible  above 
level  of  the  upper  cork  of  the  tube  dd.  The  amalgam  in 
igure  1,  should  be  submerged  below  the  level  of  G.  Inas- 
h  ajB  sodium  amalgam  is  only  necessary  at  the  anode, 
nary  mercury  may  be  used  at  cathodal  parts ;  and  these 

therefore  be  exposed  to  hot  air  or  st«am  without  annoy- 
8.      To  summarize :  current  arriving  at  m  and  f  passes 

the  sodium  amalgam  core  of  the  tubes,  ahc  and  ekh^  thence 
ss  the  walls  of  the  hot  parts  of  these  tubes  into  the  mer- 

surrounding  them,  and  finally  via  p  back  to  the  battery, 
arding  other  apparatus,  cf .  §  7. 

I  commencea  work  with  torsion  experiments  of  which  I 
indicate  something  here.     A  battery  of  10  Grove  cells  was 

and  the  aniline  at  G^  figure  1,  kept  both  below  and  at  the 
perature  of  ebullition.  The  deflection  of  each  coil  alone 
g  164^,  it  was  found  that  the  differential  action  (nearly 
)  could  not  be  modified  bv  twisting  more  than  02"". 
ce  the  specific  electrical  edect  of  twisting  can  not  be 
ter  than  about  "1  per  cent.  The  resistances  encountered 
hese  cases  were  about  200,000  ohms.  Profiting  by  this 
[minary  experience  however  I  was  ultimately  able  to  de- 
and  measure  the  effect  of  torsion  on  electrolvtic  conduc- 

,  using  a  different  and  more  sensitive  method  to  be  indi- 
below,  §  7. 

In   case  of    traction,   the  data  decisively    indicated    an 
of  conductivity  proportional  to  the  pull.      But  tliift 
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result  is  necessarily  complex  in  kind,  and  must  be  carefully 
scrutinized  before  its  true  signification  can  be  stated.  I  will 
therefore  give  my  experiments  in  chronological  order,  the  first 
series  being  made  at  185°  (aniline),  the  second  at  100®  (steam), 
the  third  series  finally  at  360°  (mercury). 

One  remark  may  be  made  at  the  outset :  inasmuch  as  the 
electrical  eflEect  of  traction  is  persistant  with  the  traction,  and 
is  an  increment  of  conductivity,  it  can  not  be  due  to  tempera 
ture.  For  the  extension  of  an  elastic  solid  like  glass*  producer 
temporary  cooling,  §  8. 

5.  The  resistance  across  the  walls  of  the  experimental  tube 
at  190°  was  about  100,000  ohms.  In  case  of  intense  ebullition 
the  temperature  is  not  fully  constant.  It  is  therefore  desirable 
to  use  the  apparatus,  figure  1,  just  below  the  boiling  point  ol 
aniline,  ana  to  bring  the  plane  of  the  ring  burner  slightlj 
below  the  plane  of  the  ebullition  liquid  G,     Parts  of  the  ap- 

faratus  which  are  not  to  be  heated  are  screened  with  asbestos, 
n  this  way  a  nearly  stationary  distribution  of  temperature  is 
reached. 

Under  these  circumstances,  when  a  weight  of  18  kg.  is  alter- 
nately placed  on  the  scale  pan  and  removed  from  it  by 
mechanism,  thus  subjecting  tne  tube  to  periodic  pulls  of  the 
force  given,  a  definite  and  persistent  oscillation  of  the  galvano- 
meter needle  ensues  synchronously  with  the  period  of  stress. 
The  amount  of  this  oscillation  was  found  to  be  equivalent  to  a 
resistance-decrement  of  1500  ohms  for  the  stressed  tube.  In 
other  words  the  effect  of  the  pull  of  18  kg.  is  a  diminution  of 
the  resistance  of  the  stressed  tube  amounting  to  about  14  per 
cent.  These  experiments  were  repeated  many  times  with  prac- 
tically the  same  results,  e.  g. 

P  =    2  kg.,  resistance  reduced  .4  per  cent. 
P=15kg.,         "  "        1-2        " 

P=20kg.,         "  "        1-4        " 

data  in  which  the  oscillation  of  the  needle  was  made  the  baAig 
of  comparison.  They  betray  a  somewhat  wide  margin  of 
error,  because  glass  at  190°  is  exceedingly  sensitive  even  to 
trifling  changes  of  temperature.  Nevertheless  the  data  are 
sufficient  for  the  present  purposes  ;  and  work  of  a  more  precise 
character  with  high  temperature  vapor  baths  seemed  to  me  to 
be  superfluous.  By  using  a  more  sensitive  galvanometer  such 
measurements  can  be  repeated  at  100°  with  facility  and  mud 
greater  precision. 

6.  The  result  obtained  is  clearly  a  superftnposed  effect,  beiDg 
due  in  part  to  the  elastic  change  of  dimensions  during  stretch 
ing,  and  in  part  to  the  direct  action  of  stress  in  promoting 

*  Cf.  Sir  William  Thomson's  collected  papers,  vol.  i,  p.  308. 
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molecular  break-up.  It  is  therefore  necessary  to  estimate  the 
value  of  the  former  inflaence. 

The  radii  of  the  tube  being  /),=-26*^  and  ^,='19"*,  the  sec- 
tion is  about  q='l^*.  Supposing  the  tenacity  of  glass  to  be 
6*5  X 10*  dynes  per  square  centimeter,  this  tube  should  bear 
65  kg.  Tubes  are  rarely  free  from  imperfections,  such  as 
result  from  insufficient  annealing,  and  it  is  moreover  difficult 
to  apply  traction  in  an  experiment  like  the  present,  without 
some  flexural  or  other  strain  across  the  section  (tendency  to  be 
crushed  between  the  slabs,  Ay  £,  at  the  supports  for  instance). 
Hence  I  found  it  practically  difficult  to  strain  these  tubes  with 
more  than  a  pull  of  about  25  kg.,  without  producing  rupture. 
But  from  all  this  it  appears  clearly  that  the  longitudinal  ex- 
tension produced  by  18  kg.  is  much  below  the  maximum  for 
the  given  dimensions  and  mean  strength  of  tube. 

It  the  tenacity  of  glass  be  6*5  X 10"  and  Toung^s  modulus 
5-5x10",  the  values  given  by  J.  D.  Everett,*  then  the  maxi- 
mum longitudinal  extension  is  '0012.  Again  since  Poisson's 
ratio  for  glass  is  nearly  ^,  it  follows  that  the  corresponding 
radial  contraction  is  about  '0008. 

Finally  the  resistance  i?  of  a  hollow-cylinder,  of  length  I, 
radii  /o,  and  />„  and  specific  resistance  Sy  to  conduction  across 
the  walls  of  the  tube  is  {M  being  the  modulus  of  Brigg's 

\       s  s 

logarithms);  ^=^^^  y  log  />,//>,= -3665-  log  pjp^  .  .  .  (1), 

"To  evaluate  the  resistance  effect  of  elastic  change  of  dimen- 
sions, jB  is  to  be  I'egarded  as  a  function  of  Z,  p^  and  p^.  In 
view  of  the  symmetrical  occurrence  of  the  last  two  variables, 
and  if  the  simplifying  relation  4^j/jO,=45/o,//o,=5Z/Z,  nearly,  it 
foUows  that  dRlR={dR/dl)dllR+(dR'ldp,)dpJR+{dR'ldp^ 
Sp^/R^—dljly  where  the  accent  has  reference  to  elastic  change. 
Nevertheless  radial  contraction  enters  in  case  of  an  apparatus 
-of  the  form  figure  1,  in  which  decrease  of  bore  during  traction 
lengthens  the  column  of  mercury  contained.  If  ^  be  flie  length 
of  this  column  before  stretching,  its  length  during  stretching 
is  X{L-f'28pJp^)=i{l'{'{l  /2)8l/c),  Hence  in  consequence  of 
elongation  of  the  mercury  column,  dR^^/R=— {X/ 21)81 /ly  nearly, 
where  I  is  the  length  of  the  hot  part  of  the  column.  Hence 
the  elastic  discrepancy  is 

(tfiJ'-f  tfiJ")/iJ=-(l-f  A/2Z)(y/// (2). 

In  none  of  my  apparatus  did  X  exceed  2*5  I.  Moreover  X  is 
always  one  shank  of  a  U-tube.  Therefore  '003  may  be  as- 
sumed as  a  decidedly  superior  limit  of  the  numeric  of  equa- 
tion (2). 

*  Everett :  Units  and  Phys.  Constants,  p.  56.    These  data  are  reduced  from 
Bankine's  "  Rules  and  Tables,"  p.  895. 
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Hence  in  an  extremely  unfavorable  case,  the  resistance  eflEect 
due  to  elastic  change  of  dimension  (—'30  per  cent)  is  only 
about  \  of  the  observed  effect  of  traction  (—1-4  per  cent)  pro- 
duced by  a  pull  much  below  the  tenacity  of  glass,  the  said 
i)ull  (18  k^.)  being  certainly  not  more  than  J  the  maximum 
oad.  Hence  these  effects  are  very  different,  and  it  follows 
that  the  decrement  actually  observed  is  principally  due  to 
decreased  molecular  stability  superinduced  by  stress.  In  equa- 
tion (I),  «  is  therefore  the  variable  which  chiefly  responds  to 
the  action  of  stress. 

To  obviate  the  troublesome  occurrence  of  dR"  /  R,  the 
column  of  mercury  in  most  of  my  experiments  was  made  so 
long  as  to  extena  far  ahove  the  zone  of  conduction  of  the 
stretched  glass  tube  (see  figure  1).  In  the  apparatus  for  steam, 
figure  2,  the  menisci  of  the  column  are  advant^^nsly  raised 
quite  above  the  cork.  In  such  a  case  8R''/R=0,  and  the 
elastic  discrepancy  is  simply  —81/L 

In  one  respect  this  reasoning  is  deficient.  It  does  not  take 
into  account  the  changes  of  elastic  behavior  of  glass  due  to  the 
heating  to  190°.  Tabulated  constants  for  this  large  interval 
are  not  available.*  Hence  special  cathetometric  measurements 
must  be  made.  At  190°  this  is  diflScult,  and  for  these  and  the 
other  reasons  given  above,  §5,  it  is  expedient  to  refer  to  the 
complete  set  of  measurements  at  100°.     §  6. 

6.  At  100°  the  results  can  be  made  more  accurate  than  the 
above  chiefly  for  two  reasons.     In  the  first  place  the  tempera- 
ture is  easily  obtained  absolutely  constant ;  in  the  second  elas- 
tic changes  of  dimensions  can  be  directly  measured  with  facility. 
In  Table  I,  I  have  given  the  results  obtained  with  the  appara- 
tus, figure  2.     The  method  of  measuring  these  large  resistances 
(glass  at  100°)  is  necessarilv  chosen  more  delicate  than  above. 
1  used  a  high  resistance  Thomson's  galvanometer  read  off  by 
Hallock's  short  range  telescope,  and  adjusted  for  differential 
work.      The   needle  being  practically  ballistic   in    kind,   the 
maximum  deflections  (swing)  obtainable  by  alternately  adding 
and   removing  the  loads  /^,  were  used  for  comparison  (methoo 
of  multiplication).     I  then  determined  the  amount  of  oscilla- 
tion prouueed  by  inserting  known  resistances  into  one  or  the 
other   coil   of   the   differential   gjilvanometer.      Knowing  the 
resistance  of  each   tube  (mean  values)   from  special  and  pre- 
liminary measui-ements,  I  was  able  to  deduce  the  percentage 
variation  of  the  resistances  of  glass  across  the  lines  of  stress. 
Table  I   contains  four  series  of  these  experiments,   i.  e.  two 
sots  of  results  for  each  pair  of  tubes.     R^  the  observed  electri- 
cal resistance  per  tube  was  found  to  be  about  7,500,000  ohms 

♦  Kohlnwisoh  and  F.  E.  Loomis  ^this  Joiirn..  11.  I  p.  350,  1870X  give  low  tem- 
poral un?  data  for  metals. 
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per  tabe,  of  which  the  external  and  internal  diameters  were 
2^^=:-53«»2n  =.88*=°^  respectively.  The  table  ^ives  the  oscilla- 
tions for  tne  divers  loads  P ;  the  corresponding  absolute  de- 
crement da  of  By  and  the  relative  value  of  this  decrements  in 
terms  of  B. 

The  amount  of  variation  here  ffiven  for  glass  is  somewhat 
jmaller  than  was  found  at  200°  above.  In  the  last  case,  how- 
3ver,  the  data  are  less  accurate,  and  definite  statements  can  not 
t)e  made.  In  Table  I  the  values  for  the  2d  apparatus  are 
smaller  than  for  the  first,  a  circumstance  obviously  depending 
m  the  tubes  chosen,  but  which  I  will  also  leave  without 
lurther  comment 

Table  I.— Resistance  of  stretched  glass  at  100°. 


Tubes. 

P 

Maximum 
oecillation. 

6R 

10»  X  dR/R, 

cm. 

ohms. 

land  n 

6 

105 

-21000 

-2^8 

10 

1-63 

—38000 

-4-4 

15 

2*20 

-44000 

-58 

19 

2-90 

-58000 

-7-7 

land  n 

6 

•87 

-17000 

-22 

10 

1-50 

-29000 

-3^8 

15 

2-17 

-42000 

-5-4 

19 

2  91 

-56000 

-7-3 

11  aod  IV 

6 

•29 

-  6000 

-  -9 

10 

•74 

-16000 

-22 

15 

105 

-21000 

-31 

11  and  IV 

6 

•33 

-  7000 

-10 

10 

•76 

-15000 

-2-3 

15 

Ml 

-22000 

—33 

rv 

5 

•56 

—  1-2 

10 

1-33 

—  2^8 

Method. 


Difierential  Galvanometer. 


Bridge. 


This  table  proves  conclusively,  that  within  the  given  limits 
>f  variation,  the  resistance  decrement  experiencea  by  g\^  ^® 
:)roportional  to  the  applied  stress.     For  the  given  conditions 
;2/>,=-53<^2/>,=  -40«°)  It  is  as  high  as  380/10'  per  kilo  stress,  and 
&  not  below  210/10'  per  kilo  stress.     Since  the  section  jslO*^ 
learly,  it  follows  that  the  mean  relative  variation  of  resistance 
ine  to  stretching  is  about  30/10'  per   gram   load,  per  square 
centimeter  of  section.     Mr.  H.  Tomlinson*   who  investigated 
:he  eflFect  of  stretching  metals,  finds   that  for  steel,  iron  Mid 
)ra88  the  total  variations  are  only  about   1/15  as  large  as  this, 
ind  of  the  opposite  sign.     §11. 

7.  When  the  temperature  is  sufficiently  constant,  for  instance 
n  the  case  of  a  steam  bath,  experiments  may  be  made  with  a 
lingle  tube.     Let  a   bridge   adjustment    be    so  arranged  thai 

•  H.  Tomlinson:  Proc.  Roy.  Soc.,  xxv,  p.  461,  1876;   id.  xxvi,  p.  401,  1811. 
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alb-=:rjR,  where  r  is  a  known  rheoetatic  resistance,  and  R 
tne  resistance  of  the  tube,  the  current  in  the  galvanometer 
bein^  nearly  zero.  Then  if  Srjr  produce  the  same  maximmn 
oscillation  of  the  ntjedle  as  dRjR^  it  follows  that  3r/r=dBjR 
An  accurate  chart  or  table  of  dr/r  considered  as  a  foncdon  of 
the  oscillation  is  therefore  first  to  be  constructed,  bj  aid  of  the 
rheostat.  This  being  in  hand,  the  value  of  3R/Ii  correspond- 
ing to  anv  oscillation  produced  by  alternately  adding  and  r^ 
moving  the  load  on  the  tube,  is  ^ven  at  once.  This  method 
may  be  made  very  accurate,  and  1  was  able  to  obtain  not  onl; 
traction  effects,  but  torsion  effects  as  indicated  by  the  following 
data.  Here  r  is  approximately  53000  ohms,  R  approximate!; 
5900000  ohms.  In  case  of  torsion,  P  denotes  the  load  acting 
during  the  alternate  twisting  and  untwisting. 

Table  ll.—Besistanee  of  stressed  glass  at  lOO^ 


Temperature. 

Load. 

L 

6L/L 

OC. 

kg. 

cm  * 

lO-«x 

16' 

2 

77-53 

0 

6 

77-53 

0 

10 

77-54 

130 

15 

77-65 

260 

77-58 
77-58 
77-60 
77-60 


0 

0 

260 

260 


Coefficient  of  expaosioci  -OOOOOS 


77-57 
77-59 


0 
260 


Preliminary. 

Torsion. 

Tractk 

ML 

10» 

xdr/r 

Oscillation. 

P 

kg:. 

Oscillation. 

10» 

x6R/R 

P 

kg. 

Oscillation. 

10»  X  6RIR 

cm. 

cm. 

cm. 

-76 

•35 

5 

•59 

-1-3 

0 

-22 

-•5 

1-89 

•89 

10 

1-27 

-2-8 

5 

•29 

-•6 

3.77 

1-63 

16 

1-86 

-4-1 

10 

•28 

-•6 

The  traction  data  SRjR  are  numerically  larger  than  in  Table 
I,  and  hence  lend  greater  favor  to  the  views  just  expressed. 
The  torsion  data  8R/R  are  of  the  same  sign  as  the  traction 
data.  In  other  words  torsion  increases  the  electrolytic  resist- 
ance. They  are  of  smaller  magnitude  than  traction  data  and  , 
are  independent  of  the  load  which  the  tube  sustains,  so  far  as  I 
I  could  follow  them. 

Table  II. — Longitudinal  extension  of  the  tubes^  Tbble  IsL 


100 


2 
19 


77-67 
77-60 


0 
390 


8.  To  interpret  the  above  data,  special  measurements  of  ex^ 
tension  are  necessary.    These  are  given  in  Table  II.    They  were 
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made  cathetometrically,  and  are  not  intended  to  ^ve  more 
than  a  safe  estimate  of  the  elastic  effect  in  question.  The 
^lass  tube  to  be  examined  was  surrounded  conaxially  by  a 
Becond  wide  tube  of  glass,  through  which  steam  at  100°  con- 
tinually circulated.  Measurements  were  also  made  at  16°.  Z 
is  the  length  between  fiducial  marks. 

Utilizing  these  values  to  obtain  a  superior  limit  of  the  elastic 
discrepancy  in  Table  I,  it  appears  that  81 /l<^'  0004  and 
'dplp<C.  •  0001,  these  data  being  the  largest  obtained  for  the  largest 
load,  18  kg.  Hence  by  equation  (2),  -  5i?7^<2-5  X  -0004=  -0010. 
In  other  words  the  elastic  discrepancy  is  numerically  much  less 
than  '1  per  cent  of  jff,  whereas  the  corresponding  mean  value 
for  the  traction  effect  in  Table  I  (apparatus  with  tubes  I  and 
II,  low  menisci)  is  "75  per  cent.  Again  for  raised  menisci 
(Tables  I  and  II,  tubes  III  and  lY),-8/Ii'/Ii=8l/l='0004:.  In 
this  case  the  corresponding  mean  value  of  the  traction  effect  is 
numerically  greater  than  '50  per  cent.  In  both  instances  it  may 
be  safely  interred  that  error  introduced  by  elastic  change  of 
dimensions  is  at  most  about  1/10  of  the  decrement  of  resist- 
ance actually  observed  as  the  effect  of  stretching. 

9.  I  will  make  a  final  consideration  here,  relative  to  temper- 
ature. The  thermal  effect  of  traction  is  negative,  its  infiuence 
on  B  must  therefore  be  a  resistance  increment,  i.  e.  opposite 
in  si^  to  the  effect  observed.  Nevertheless,  it  is  desirable  to 
obtam  some  estimate  of  its  value,  which  will  probably  be 
found  too  small  for  direct  measurement.  Since  P=20  kg.  and 
iLjL<^ '  0004*^,  the  total  energy  elastically  potentialized  per 
linear  centimeter  during  stretching  is  B8L/L<^10000  ergs. 
Hence,  even  if  all  this  energy  were  converted  into  heat,  the 
increase  of  temperature  resulting  in  case  of  the  given  tubes 
(section  'lO""',  density  <^S,  sp.  heat  <^'2)  would  be  about 
107240x10* ;  i.  e.  less  than  -005°.  This  datum  is  too  small  to 
produce  serious  error  even  in  consideration  of  the  phenomenal 
sensitiveness  of  hot  glass  to  temperature  variations.  Estimat- 
ing that  the  resistance  of  glass  decreases  several  per  cent  (5  to 
20)  per  degree,  between  100°  and  200°,  the  thermal  discrep- 
ancy can  not  be  greater,  numerically,  than  the  elastic  dis- 
crepancy. 

10.  I  have  now  to  communicate  the  data  obtained  at  360°. 
This  case  possesses  some  points  of  special  interest,  because  the 
differential  apparatus  is  itself  a  battery,  the  action  of  which 
enters  in  a  complex  manner.  The  electrolytes  here  are  the  hot 
^lass  tubes  containing  amalgam  and  surrounded  by  mercury. 
The  actual  apparatus  was  a  simplified  form  of  figure  1.  Figure 
5  presents  a  clearer  diagram  of  parts,  in  which  a  and  b  are  the 
hot  glass  tubes  in  question,  £  tne  battery  and  D  the  differen- 
tial galvanometer.     The  electrical  currents  due  to  £^  are  indi- 
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eated  by  the  irmde  arrows ;  bat  these  currents  aie  ecMiffldenblT 
reenforced  bj  the  action  of  the  element  sodnm  ^inwlgnin  .h« 
glass  /  meroarr,  as  shown  by  the  arrows  enaing  die  tnbes  a 
and  b.  The  electromotive  force  of  this  danent  ts  taeHj  fotmd 
by  revereing  the  action  of  S.  In  an  actual  experiment  I  meas- 
ured NaHg  /  hot  glass /Hg=l-4  volts,  s  dstam  somewlui 
affected  by  polarization  and  depending  for  ite  valne  on  the 
strength  of  tne  amalgam  and  the  pnrity  of  the  menniry. 

Besides  this  large  electromotive  force  tfaoe  is  another  of 
smaller  valne,  dne  to  the  fact  that  the  tnbes  a  and  b  with 
appurtonances,  represent  two  elements  switched  against  each 
other.  The  currento  are  indicated  by  the  ovtn^ie  arrows  in  the 
diagram,  and  they  are  ueceasarily  bo  circnmstaneed  as  not  to 
flow  throngh  the  galvanometer  G  difiereiitial!y.  Their  occnr- 
ruiux'iti  therefore  a  serious  and  annoying  distitrbanee,  snch  that 
inoanurenients  at  360°  can  not,  withoat  onreasonable  painstak- 
ing, bi)  made  with  the  same  accuracy  as  measoicments  at  100°. 
I  ineiiHnred  the  electromotive  force  in  qaestion,  as  abont  -i 
volt;  but  it  ia  necessarily  variable  even  as  to  sign,  containing 
au  it  does  the  polarization  inconstancy  of  both  elements. 


■ApparatiiB  Tor  360°, 


Since  the  resistance  of  glass  near  360°  is  enormoiiBly  low 
relative  to  its  value  at  ordinary  temperatures  (in  some  practical 
cases  the  apparatus  showed  less  than  lOoO  ohms),  the  extran- 
eous electromotive  force  £'can  be  withdrawn  altogether.  The 
present  measurements  of  tJie  electrical  effect  of  traction  are 
therefore  made  with  the  Nallg  /  hot  glass  /  Hg  element  in  the 
apparatus,  figure  3.  Notation  being  as  above  2/>,  =  •63'", 
2jO,=40™.  The  small  resistance  at  the  boiling  point  is  noi 
available ;  owing  to  the  formation  of  bubbles  at  the  sarface  of 
contact  between  mercury  and  glass  the  resistance  ia  too  variable 
even  for  approximate  measuremeut  Hence  I  observed  at  a 
lower  temperature,  encountering  somewhat  lai^r  resistances  R. 
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Even  under  favorable  conditions  these  data  are  only  quali- 
tatively satisfactory.  They  are  important,  however,  because 
they  indicate  that  at  300^,  the  diminution  of  resiEtance  due  to 
traction  is  not  larger  in  numeric  value  than  at  100°  ;  and  since 
this  would  be  the  case  if  the  decrements  dR  observed  were 
due  to  elastic  chan^  of  dimensions,  I  have  here  in  hand  addi- 
tional evidence  against  this  assumption. 

Table  ni. — Resistance  of  stretched  glass  ai  360**. 


Apparatus. 

P 

Maximum 
osdllation. 

B 

SR 

\0*x6R/B 

kg. 

cm. 

ohms. 

ohms. 

I 

6 

•60 

13000 

-30 

-2 

JO 

•50 

•  ■  •  • 

-30 

—  2 

16 

•70 

-60 

-4 

19 

•70 



-60 

-4 

III 

6 

100 

17000 

-16 

-1 

10 

l-4a 

•  «  *  « 

-22 

-1 

16 

2-00 



—31 

-2 

The  present  experiments  are  attended  with  much  annoyance. 
As  the  load  increases,  the  tube  is  apt  to  break  in  such  a  way 
as  to  spill  the  hot  mercury ;  and  with  all  reasonable  care 
several  tubes  are  usually  sacrificed  before  a  full  series  of  obser- 
vations can  be  obtained. 

11.  The  above  paragraphs  summarized,  prove  that  a  solid 
electrolyte  like  glass  is  a  better  conductor  of  electricity  (i.  e. 
manifests  smaller  specific  resistance),  when  in  a  state  of  strain 
(traction,  torsion),  than  when  free  from  strain.  Inasmuch  as 
the  necessary  concomitant  of  conduction  in  this  case  is  molecu- 
lar decomposition*  and  recombination,  stress  of  the  given  kind 
must  promote  such  decomposition.  The  rate  at  which  molec- 
ular reconstruction  occurs  per  unit  of  volume  increases  nearly 
proportionally  to  the  intensity  of  stress ;  and  it  may  in  case  of 
traction  carried  as  far  as  the  limit  of  rupture  of  glass  amount 
to  an  increment  of  one  per  cent.  In  case  of  torsion  the  effect 
is  not  much  larger  than  about  1  / 10  of  this  ;  and  the  increased 
break-up  due  to  torsion  is  therefore  studied  with  greater  diffi- 
culty. The  influence  of  temperature  in  changing  the  value  of 
the  electrolytic  effect  of  stress  is  not  marked.  So  far  as  ob- 
served the  same  pull  per  unit  section  does  not  increase  the 
conductivity  of  glass  more  at  350^  than  at  100°,  if  indeed  it 
increases  it  as  much. 

*  It  is  best  to  avoid  the  term  dissociation  here.  The  term  molecular  recon^ 
structioD  is  used  in  preference. 
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Again  the  traction  effect  in  case  of  electrolytic  conduction, 
being  a  decrement  of  resistance,  is  of  the  opposite  sign  of  the 
traction  effect  in  cases  of  metallic  conduction*  (increment  of 
resistance).  The  former  is  also  of  decidedly  greater  magnitude. 
If,  therefore,  conduction  in  metals  is  essentially  the  same  phe- 
nomenonf  as  in  electrolytes,  then  the  soft  metallic  state  must 
be  singularly  well  adapted  to  promote  molecular  reconstruction. 
This  fine  adaptation  of  structure  is  destroyed  by  strains  of 
dilatation,  by  neat,  by .  alloying,!  etc.  In  the  data  griiven,  the 
electrical  traction-coefficient,  as  well  as  the  eiectricsJ  tempera- 
ture-coefficient (resistance),  are  similar  in  sign  and  in  relative 
magnitude,  both  in  metals  and  in  electrolytes.  They  are  posi- 
tive in  metals  and  small,  negative  in  electrolytes  and  large. 
This  is  additional  evidence  in  favor  of  a  volume  effect  dis- 
cussed at  some  length  elsewhera 

12.  The  chief  result  of  the  present  paper  is  the  emphasis 
thrown  on  the  fact  that,  independently  of  the  passage  of  cur- 
rent, such  a  solid  as  glass  must  be  conceived  as  undergoing 
spontaneous  molecular  reconstruction  at  all  temperatures.  For 
if  the  reconstruction  in,  question  were  superinduced  by  the 
electric  field,  then  the  current  passing  would  vary  at  a  power 
higher  than  the  first  of  electromotive  force ;  whereas  it  may 
be  taken  for  granted  that  currents  of  the  intensity  of  those 
discussed  above,  pass  through  glass  in  accordance  with  Ohm's 
law.§  Recently  J.  J.  Thomson ||  among  many  results  of  his 
development  of  the  Lagrangian  function,  investigated  an  ex- 
pression for  the  number  of  times,  n,  the  electric  field  is  dis- 
charged at  any  point,  in  case  of  conduction  through  either 
metSs  or  electrolytes.  If  k  be  the  specific  conductivity,  iT  the 
specific  inductive  capacity  of  the  medium,  then  n=27rfiX/K] 
where  j9  is  a  coefficient  the  value  of  which  is  less  than  unity 
and  depends  on  the  relative  time  of  destruction  and  existence 
of  the  electric  field.  Accepting  provisional  values  for  fi  and 
£,  Thomson  computes  a  table  of  values  for  the  superior  limit 
of  n,  in  cases  both  of  metals  and  of  electrolytes.  From  this 
table  it  appears  that  n  for  mercury  for  instance,  is  less  than 
8X10**.  Similar  values  for  the  limit  of  /i  in  case  of  glass  at 
the  above  temperatures  of  observation,  100°,  200**,  360®,  may 
be  deduced.  In  round  number  the  specific  resistances  of  glass 
at  the  temperatures  stated  were,  in  ohms,  10",  10*,  and  5  X 10*, 

*  Mousson:  Neue  Schweizer,  Zeitschr.,  xiv,  p.  33,  1855;  H.  Tomlinaon:  Proc. 
Roy.  Soc,  XXV,  p.  451,  1876;  id.,  xxvi,  p.  401,  1877. 

f  J.  J.  Thomson  :  Applications  of  Dynamics  to  Physics  and  Chemistry,  p.  296 ; 
Macmillan,   1888. 

1  This  Journal,  xxxvi,  p.  427,  1888. 

§  Fitzgerald  and  Trouton  (Rep.  Br.  Assoc,  1886,  p.  312)  show  that  electrolytes 
obey  Ohm's  law  accurately. 

I  J.  J.  Thomson:  1.  c,  p.  299. 
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respectively.  From  this  it  follows  nearly,  that  for  glass  at 
100%  n=  8X10';  at  200°,  n=8xl0*;  at  360°,  n=16xl0". 
Thus  it  ie  fair  to  conclude  that  at  temperatures  quite  as  low  as 
100°  the  spontaneous  chemical  action,  i.  e.  the  continuous  re- 
arrangement of  the  molecules  of  glass  is  a  pronounced  occur- 
rence. 

The  given  value  of  the  frequency  of  discharge  of  field,  n, 
may  be  further  expressed  in  terms  of  the  number  of  molecules 
m,  which  break  up  per  unit  of  volume,  per  unit  of  time,  when 
the  number  of  molecules  q  per  unit  of  surface,  whose  disinte- 
gration just  discharges  the  field,  and  the  mean  distance,  x^  over 
which  tney  are  urged  by  the  field  during  the  interval  between 
break-up  and  recombination,  are  known.  For  n^mx/q;  or 
ni=n  {qIx),  Here  a?  is  a  very  small  quantity,  not  exceeding 
the  centimeter  numeric  of  the  mean  free  path  of  the  molecule 
of  a  gas ;  whereas  y  is  a  very  large  quantity.  Hence  m  is  larger 
than  the  given  value  of  n,  even  if  the  above  superior  limits 
be  100  times  the  true  value  of  n. 

These  approximate  statistics  are  the  nearest  exact  statement 
for  the  pnenomenon  of  molecular  break-up,  which  I  can  ad- 
duce ;  but  they  suffice  for  the  present  purposes.  They  show 
that  even  when  glass  is  practically  an  insulator,  the  number  of 
active  molecules  m,  considered  absolutely  is  very  large ;  and 
that  m  need  by  no  means  be  negligibly  small  even  m  com- 
parison with  the  total  number  of  molecules  per  unit  of  volume. 

The  above  paragraphs  prove  that  the  rate  at  which  molecu- 
lar break-up  takes  place  is  appreciably  greater  when  glass  is 
under  stress  than  when  it  is  not.  It  is  improbable  fliat  the 
system  will  pass  from  one  state  of  molecular  equilibrium  to 
another,  instantaneously.  Hence,  since  even  in  case  of  very 
high  resistance,  such  as  that  of  glass  at  100°,  the  number  of 
unstable  molecules  per  unit  of  volume  must  still  be  conceived 
to  be  very  large,  it  follows  that  the  species  of  molecular  break- 
up in  question  may  be  looked  upon  as  a  fruitful  cause  of 
VISCOUS  deformation.* 

Phys.  Lab.  U.  S.  G.  S.,  Washington,  D.  C. 


Art.  XXXVII. — On  the  Formation  of  Siliceous  Sinter  hy 
the  Vegetation  of  Thermal  Springs  y  by  Walter  Harvey 
Weed,  of  theU.  S.  Geological  Survey. f 

It  is  a  well  known  fact  that  hot  spring  waters  often  contain 
considerable  silica  in  solution,  particularly  those  issuing  from 
volcanic  rocks,  with  which  boiling  springs  are  so  frequently  as- 

*  This  Journal,  mvi,  pp.  178,  179,  183,  202,  208.  1888.     Phil.  Mag.,  V,  xiyi, 
pp.  397,  398,  1888. 

f  Published  by  permission  of  the  Director  of  the  Surrey. 
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Again  the  traction  effect  in  case  of  electrolytic  condnction, 
being  a  decrement  of  resistance,  is  of  the  opposite  sign  of  the 
trdction  eflEect  in  cases  of  metallic  conduction*  (increment  of 
resistance).  The  former  is  also  of  decidedly  greater  magnitude. 
If,  therefore,  conduction  in  metals  is  essentially  the  same  phe- 
noraenonf  as  in  electrolytes,  then  the  soft  metallic  state  must 
be  singularly  well  adapted  to  promote  molecular  reconstruction. 
This  fine  adaptation  of  structure  is  destroyed  by  strains  of 
dilatation,  by  neat,  by  alloying,!  etc.  In  the  data  eriven,  the 
electrical  traction-coeflScient,  as  well  as  the  eiectricd^  tempera- 
ture-coefficient (resistance),  are  similar  in  sign  and  in  relative 
magnitude,  both  in  metals  and  in  electrolytes.  They  are  posi- 
tive in  metals  and  small,  negative  in  electrolytes  and  large. 
This  is  additional  evidence  in  favor  of  a  volume  effect  dis- 
cussed at  some  length  elsewhera 

12.  The  chief  result  of  the  present  paper  is  the  emphasis 
thrown  on  the  fact  that,  independently  of  the  passage  of  cur- 
rent, such  a  solid  as  glass  must  be  conceived  as  undergoing 
spontaneous  molecular  reconstruction  at  all  temperatures.  For 
if  the  reconstruction  in.  question  were  superinduced  by  the 
electric  field,  then  the  current  passing  would  vary  at  a  power 
higher  than  the  first  of  electromotive  force ;  whereas  it  may 
be  taken  for  granted  that  currents  of  the  intensity  of  those 
discussed  above,  pass  through  glass  in  accordance  with  Ohm's 
law.§  Recently  J.  J.  Thomson!  among  many  results  of  his 
development  of  the  Lagrangian  function,  investigated  an  ex- 
pression for  the  number  of  times,  n,  the  electric  field  is  dis- 
charged at  any  point,  in  case  of  conduction  through  either 
metds  or  electrolytes.  If  \  be  the  specific  conductivity,  iT  the 
specific  inductive  capacity  of  the  medium,  then  n^=2n^X  j K\ 
where  j9  is  a  coefficient  the  value  of  which  is  less  than  unity 
and  depends  on  the  relative  time  of  destruction  and  existence 
of  the  electric  field.  Accepting  provisional  values  for  ^  and 
K^  Thomson  computes  a  table  of  values  for  the  superior  limit 
of  n,  in  cases  both  of  metals  and  of  electrolytes.  From  this 
table  it  appears  that  7i  for  mercury  for  instance,  is  less  than 
8X10^*.  Similar  values  for  the  limit  of  n  in  case  of  glass  at 
the  above  temperatures  of  observation,  100°,  200°,  360°,  may 
be  deduced.  In  round  number  the  specific  resistances  of  glass 
at  the  temperatures  stated  were,  in  ohms,  10",  10*,  and  5x10*, 

*  Mousson:  Neue  Schweizer,  Zoitschr.,  xiv,  p.  33,  1856;  H.  TomUnson:  Proc 
Roy.  Soc,  XXV,  p.  461,  1876;  id.,  xxvi,  p.  401,  1877. 

f  J.  J.  ThomsoD  :  Applications  of  Dynamics  to  Physics  and  Chemistry,  p.  296 ; 
Macmillan,  1888. 

1  This  Journal,  xxxvi,  p.  427,  1888. 

^  Fitzgerald  and  Trouton  (Rep.  Br.  Assoc,  1886,  p.  312)  show  that  electrolytes 
obey  Ohm's  law  accurately. 

I  J.  J.  Thomson:  1.  c,  p.  299. 
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carries  0*7620  gms.  of  silica  to  the  kilogram  of  water,  and 
issues  with  a  temperature  of  199°  F.,  one  decree  above  the 
theoretical  boiling  point  of  pure  water  at  this  altituda  This 
water  is  perfectly  clear  and  without  sediment,  and  remains  so 
upon  cooling  to  35°  F.  and  after  standing  several  days.  Yet 
about  the  spring,  sinter  is  deposited  under  such  conditions  that 
evaporation  can  have  but  little  eflEect,  though  it  is  also  deposited 
elsewhere  through  evaporation.  It  is  possible  that  in  this  water 
as  in  that  of  the  Coral  Spring,  the  influence  of  the  silica  already 
deposited  causes  a  separation  from  water  that  would  not  other- 
wise deposit  silica. 

Sinter  deposition  beneath  the  surface  of  the  water  is  ex- 
tremely rare  among  the  hot  springs  of  the  Park  and  has  never 
been  observed  at  either  the  Upper  or  Lower  Geyser  Basins. 
The  waters  of  the  Coral  Spring,  is  orris  Basin,  containing  0*6070 
grams  of  silica  to  the  kilogram  of  water,  is  opalescent  from 
silica  in  suspension  or  "  pseudo  solution,"  but  does  not  de- 
posit silica  after  standing  several  years  in  the  laboratory,  and 
as  in  other  siliceous  waters  cooling  does  not  affect  the  silica, 
which  only  separates  out  after  freezing  (cirstallization).  Yet 
the  water  deposits  silica  freely  upon  the  sides  and  bottom  of 
the  spring.  The  constitution  of  this  water,  its  peculiar  opa- 
lescence and  the  situation  of  the  spring  lead  to  the  belief  that 
the  saturation  of  the  solution  is  due  to  chemical  reaction  be- 
tween an  alkaline  spring  water  and  acid  vapor.  This  accords 
with  the  theory  of  Damour  regarding  the  deposition  of  silica 
by  the  waters  of  the  Iceland  hot  springs.*  Moreover,  in 
such  waters  there  is  often  a  neutralization  of  the  alkaline 
solution  by  descending  acid  waters,  made  acid  by  oxidation ; 
this  is  the  way  in  which  LeConte  and  Bising  explain  the  de- 
position of  the  gelatinous  silica  of  Sulphur  Bank,  Cal.f 

That  the  carbon  dioxide  of  the  atmosphere  has  any  effect 
in  producing  sinter  deposition^  is  disproven  by  the  occurrence 
of  free  CO,  iif  these  waters. 

Evaporation,  partial  or  complete,  certainly  produces  a  depo- 
sition of  silica  from  the  siliceous  waters  of  the  Park,  both  acid 
and  alkaline.  It  is,  according  to  Bunsen,  the  only  cause  pro- 
ducing the  deposition  of  sinter  by  the  geyser  waters  of  Ice- 
land. Though  evaporation  is  certainly  an  efficient  agent,  par- 
ticularly in  the  dry  air  of  the  Park,  producing  some  of  the  most 
beautiful  and  striking  forms  of  sinter  known,  yet  the  deposits 
of  the  Yellowstone  (excepting  those  of  Norris  Basin)  are  but 
partly  due  to  this  cause,  and  as  already  stated,  are  chiefly  formed 
by  a  separation  of  silica  by  the  vegetable  life  of  the  hot  water. 

*Phil.  Mag.,  XXX,  1847,  p.  406. 

iThis  Journal.  Ill,  vol.  xxiv,  p.  33. 
Roscoe  and  Schorlemmer,  Treatise  onChem.,  vol.  i,  p  571. 
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carries  0*7620  gms.  of  silica  to  the  kilogram  of  water,  and 
issues  with  a  temperature  of  199°  F.,  one  decree  above  the 
theoretical  boiling  point  of  pure  water  at  this  altitude.  This 
water  is  perfectly  clear  and  without  sediment,  and  remains  so 
upon  cooling  to  35°  F.  and  after  standing  several  days.  Yet 
about  the  spring,  sinter  is  deposited  under  such  conditions  that 
evaporation  can  have  but  little  effect,  though  it  is  also  deposited 
elsewhere  through  evaporation.  It  is  possible  that  in  this  water 
as  in  that  of  the  Coral  Spring,  the  influence  of  the  silica  already 
deposited  causes  a  separation  from  water  that  would  not  other- 
wise deposit  silica. 

Sinter  deposition  beneath  the  surface  of  the  water  is  ex- 
tremely rare  among  the  hot  springs  of  the  Park  and  has  never 
been  observed  at  either  the  Upper  or  Lower  Geyser  Basins. 
The  waters  of  the  Coral  Spring,  Norris  Basin,  containing  0*6070 
grams  of  silica  to  the  kilogram  of  water,  is  opalescent  from 
silica  in  suspension  or  "  pseudo  solution,"  but  does  not  de- 
posit silica  after  standing  several  years  in  the  laboratory,  and 
as  in  other  siliceous  waters  cooling  does  not  affect  the  silica, 
which  only  separates  out  after  freezing  (crvstaUization).  Yet 
the  water  deposits  silica  freely  upon  the  sides  and  bottom  of 
the  spring.  The  constitution  of  this  water,  its  peculiar  opa- 
lescence and  the  situation  of  the  spring  lead  to  the  belief  that 
the  saturation  of  the  solution  is  due  to  chemical  reaction  be- 
tween an  alkaline  spring  water  and  acid  vapor.  This  accords 
vrith  the  theory  of  Damour  regarding  the  deposition  of  silica 
by  the  waters  of  the  Icelana  hot  springs.*  Moreover,  in 
each  waters  there  is  often  a  neutralization  of  the  alksjine 
solution  by  descending  acid  waters,  made  acid  by  oxidation ; 
this  is  the  way  in  which  LeConte  and  Rising  explain  the  de- 
position of  the  gelatinous  silica  of  Sulphur  Bank,  Cal.f 

That  the  carbon  dioxide  of  the  atmosphere  has  any  effect 
in  producing  sinter  deposition :|:  is  disproven  by  the  occurrence 
of  free  CO,  iif  these  waters. 

Evaporation,  partial  or  complete,  certainly  produces  a  depo- 
sition of  silica  from  the  siliceous  waters  of  the  Park,  both  acid 
and  alkaline.  It  is,  according  to  Bunsen,  the  only  cause  pro- 
ducing the  deposition  of  sinter  by  the  geyser  waters  of  Ice- 
land. Thoogh  evaporation  is  certainly  an  eflBcient  agent,  par- 
ticularly in  the  dry  air  of  the  Park,  producing  some  of  the  most 
beautiful  and  striking  forms  of  sinter  known,  yet  the  deposits 
of  the  Yellowstone  (excepting  those  of  Norris  Basin)  are  but 
partly  due  to  this  cause,  and  as  already  stated,  are  chiefly  formed 
by  a  separation  of  silica  by  the  vegetable  life  of  the  hot  water. 

*Phil.  Mag.,  XXX,  1847,  p.  405. 

J  This  Journal.  Ill,  vol.  xxiv,  p.  33. 
Rosooe  and  Schorlemmer,  Treatise  od  Chem.,  vol.  i,  p  571. 
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'  Algm  sinter. — This  action  of  plant  Kfe  consists  in  the  abstrac- 
tion of  silica  from  the  hot  spring  waters,  by  the  vital  proceeees 
of  the  algous  vegetation,  and  in  its  deposition  as  a  stiff  gelat- 
inous substance,  occurring  in  a  great  variety  of  forms.  This 
material,  seemingly  an  inorganic  deposit  of  gelatinous  silica,  con 
sists  of  the  siliceous  filaments  of  various  species  of  algse,  and 
their  slimy  envelope.  Upon  the  death  of  the  algse  this  jelly 
loses  part  of  its  water,  becoming  cheesy  in  consistency  and 
gradually  hardening,  and  with  a  further  separation  of  silica 
owing  to  the  action  of  the  decaying  vegetable  matter  upon 
the  water,  it  becomes  a  hard  stony  mass  of  sinter.  If,  however, 
a  mass  of  the  algous  jelly  be  removed  from  the  water  and 
dried  in  the  sun,  it  becomes  a  very  light,  pinkish  material 
containing  about  94  per  cent  of  silica,  three  to  four  per  cent 
of  water  and  one  to  two  per  cent  of  organic  matter,  with  a 
little  alumina — showing  it  to  have  the  composition  of  a  very 
pure  siliceous  sinter. 

That  vegetable  life  can  exist  in  highly  heated  waters  is  well 
known  to  botanists.  In  the  Yellowstone  springs  the  maximom 
temperature  at  which  vegetable  life  has  been  found  is  185°  R, 
only  13  degrees  below  the  boiling  point  at  this  altitude,  and 
algous  growths  are  very  common  in  the  alkaline  watei*s  of  the 
Geyser  Basins — forming  a  brilliant  and  beautiful  feature  of  the 
springs  and  their  deposits.  With  rare  exceptions  the  yellow 
and  salmon  tints  of  the  geyser  pools  and  tne  reds,  orange, 
greens  and  browns  of  the  not  springs  are  produced  by  algons 
vegetation. 

The  clearest  case  of  sinter  formation  by  algous  life  is  that 
shown  by  a  species  of  Leptoihrix^  forming  thick   masses  of 
jelly,  often  assuming  columnar,  and  vase-shaped  forms,  in  the 
areas  overflowed  by  the  Black  Sand,  and  Emerald  Springs,  at 
the  Upper  Geyser  Basin.     Here  we  have  the  conditions  most 
favorable  for  the  development  of  this  form,  viz :    a  constant 
volume  and  temperature  of  the  overflow,  and  a  gently  sloping 
surface.     Under  such  circumstances  the  overflow  area  is  first  car- 
peted with  a  membranous  algous  sheet,  the  color  depending 
upon   the   temperature.      From    this    flooring   warty   excres- 
cences grow  upward  into  pillar-like  forms  of  soft  jelly,  until, 
reaching  the  surface  of  the  water,  their  upward  growth  ceases, 
and  a  lateral  development  results  in  the  formation  of  a  cap,  or 
"pileus"  upon  each  pillar.     These  caps  uniting,  together  with 
the  growth  of  new,  and  the  thickening  of  older  pifiars,  fiU  np 
the  channel  and  dam  back  tlie  water,  forming  a  little  basin.  Sncn 
growths  thus  form  a  series  of  terraced  pools,  in   which  the 
algie  thrive  or  die  according  to  the  supply  and  temperature  of 
the  water.     In  such  basins  one  can  see  all  gradations  from  the 
slender  spikes  of  soft  jelly  to  the  hard  firm  sinter  into  which 
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they  pass.  The  larger  columnar  and  vase-shaped  forms  result 
from  a  concurrent  ufe  and  death  of  the  vcj^etation,  the  inner 
layers  dyinc  and  decaying  as  the  outer  coatmg  of  living  alg» 
increases.  This  results  in  the  formation  of  a  hardened  bony 
core,  whose  innumerable  thin  layers  correspond  to  successive 
membranes  of  algse.  A  pillar  several  inches  in  diameter  con- 
sists of  such  a  bony  skeleton  surrounded  by  a  thin  coating  of 
CTeen  or  red  jelly.  When  by  reason  of  changing  conditions 
uie  algsB  die,  a  different  species  of  cooler  habitat  coats  the  sur- 
face with  a  fuzzy  nap  and  adds  its  quota  of  silica,  to  which  is 
added  a  further  coating  of  silica  by  the  action  of  the  decom- 
posing v^etation.  The  granular  coating  of  silica  thus  formed 
rounos  off  and  obscures  the  original  outlines  of  the  pillar,  now 
a  hard  and  solid  mass  of  sinter.  This  conversion  of  soft  algous 
jelly  into  stony  material  is  going  on  in  all  the  cooler  pools, 
where  the  algous  growth  has  itself  dammed  back  the  water, 
and  diverted  the  supply.  Where  the  basins  are  filled  with 
algous  forms  whose  tops  uniting  form  a  more  or  less  continu- 
ous roof,  supported  by  innumeraole  little  pillars,  the  dull  gray- 
ish surface  of  the  sinter,  shows  no  indication  of  the  nature  and 
origin  of  the  sinter  beneath,  and  may  serve  in  turn  as  the  floor 
of  a  new  basin,  and  new  growth 

Such  is  the  origin  of  the  sinter  deposits  of  Specimen  Lake,  the 
Emerald  Spring,  north  of  the  Grand  Geyser,  and  numerous  other 
parts  of  the  Upper  and  Lower  Geyser  Basins.  Similar  to  this 
in  its  origin  and  nature  is  the  sinter,  resulting  from  the  growth 
of  thick  cushions  of  algous  jelly,  abundant  during  the  past  sea- 
son in  the  area  overflowed  by  the  waters  of  the  Beauty,  Soli- 
tary and  other  springs,  a  sinter  forming  the  greater  part  of  the 
mound  of  the  Solitary. 

Another  form  of  sinter,  quite  different  from  those  mentioned, 
bat  also  formed  by  algous  vegetation,  is  common  in  all  the  gey- 
ser basins.  It  consists  of  fibrous  layers,  jV  ^  i  i^ch  thick,  each 
layer  resembling  a  thick  and  short  white  fur,  and  formed  by 
the  growth  of  a  cedar-red  (Calothrix  gyp8ophila\  or  an  oUve 
green  {Mastigonema  thermale)  alga — each  formed  of,  and 
encrusted  with,  silica. 

A  bright  red  alga,  Leptothrix  ochracea^  occurring  in  hot 
streams  at  110°  F.  to  130°  F.,  forms  thatch-like  layers  of  fibrous 
sinter,  resembling  interlacing  straw.  This  sinter  is  very  abun- 
dant about  the  Excelsior  Geyser,  and  together  with  the  variety 
last  mentioned  forms  nearly  the  whole  of  the  sinter  platform 
of  the  Midwav  Geysers.  A  section  of  this  plateau,  exposed  in 
the  walls  of  tne  great  pit  of  Excelsior,  is  twelve  feet  thick  and 
shows  24  strata,  each  one  composed  of  many  layers  of  one  variety 
of  sinter.    In  this  thickness  of  twelve  feet,  ten  feet  are  formed  of 
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Again  the  traction  effect  in  case  of  electrolytic  conduction, 
being  a  decrement  of  resistance,  is  of  the  opposite  sign  of  the 
traction  effect  in  cases  of  metdlic  conduction*  (increment  of 
resistance).  The  former  is  also  of  decidedly  greater  magnitude. 
If,  therefore,  conduction  in  metals  is  essentially  the  same  phe- 
nomenonf  as  in  electrolytes,  then  the  soft  metallic  state  must 
be  singularly  well  adapted  to  promote  molecular  reconstruction. 
This  fine  adaptation  of  structure  is  destroyed  by  strains  of 
dilatation,  by  heat,  by .  alloying,^  etc.  In  the  data  given,  the 
electrical  traction-coefficient,  as  well  as  the  electrical  tempera- 
tare-coefficient  (resistance),  are  similar  in  sign  and  in  relative 
magnitude,  both  in  metals  and  in  electrolytes.  They  are  posi- 
tive  in  metals  and  small,  negative  in  electrolytes  and  large. 
This  is  additional  evidence  in  favor  of  a  volume  effect  dis- 
cussed at  some  length  elsewhere. 

12.  The  chief  result  of  the  present  paper  is  the  emphasis 
thrown  on  the  fact  that,  independently  of  the  passage  of  cur- 
rent, such  a  solid  as  glass  must  be  conceived  as  undergoing 
spontaneous  molecular  reconstruction  at  all  temperatures.  For 
if  the  reconstruction  in,  question  were  superinduced  by  the 
electric  field,  then  the  current  passing  would  vary  at  a  power 
higher  than  the  first  of  electromotive  force ;  whereas  it  may 
be  taken  for  granted  that  currents  of  the  intensity  of  those 
discussed  above,  pass  through  glass  in  accordance  with  Ohm's 
law.§  Recently  J.  J.  Thomson!  among  many  results  of  his 
development  of  the  Lagrangian  function,  investigated  an  ex- 
pression for  the  number  of  times,  n,  the  electric  field  is  dis- 
charged at  any  point,  in  case  of  conduction  through  either 
metds  or  electrolytes.  If  X  be  the  specific  conductivity,  K  the 
specific  inductive  capacity  of  the  medium,  then  n^^TZ^Xj K\ 
where  /9  is  a  coefficient  the  value  of  which  is  less  than  unity 
and  depends  on  the  relative  time  of  destruction  and  existence 
of  the  electric  field.  Accepting  provisional  values  for  ^  and 
K^  Thomson  computes  a  table  of  values  for  the  superior  limit 
of  n,  in  cases  both  of  metals  and  of  electrolytes.  From  this 
table  it  appears  that  n  for  mercury  for  instance,  is  less  than 
8X10*'.  Similar  values  for  the  limit  of  ii  in  case  of  glass  at 
the  above  temperatures  of  observation,  100°,  200°,  360°,  may 
be  deduced.  In  round  number  the  specific  resistances  of  glass 
at  the  temperatures  stated  were,  in  ohms,  10*,  10*,  and  5x10', 

*  Mousson:  Neue  Schweizer,  Zeitschr.,  xiv,  p.  33,  1855;  H,  Tomlinaon:  Proc 
Roy.  Soc,  XXV,  p.  461,  1876;  id,  xxvi,  p.  401,  1877. 

t  J.  J.  Tliomson :  Applications  of  Dynamics  to  Physics  and  Chemistry,  p.  296 ; 
Macmillan,  1888. 

1  This  Journal,  xxxvi,  p.  427,  1888. 

§  Fitzgerald  and  Trouton  (Rep.  Br.  Assoc,  1886,  p.  312)  show  that  electrolytes 
obey  Ohm's  law  accurately. 

I  J.  J.  Thomson:  1.  c,  p.  299. 
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respectively.  From  this  it  follows  nearly,  that  for  glass  at 
100^  71=8X10';  at  200°,  n=8xl0*;  at  360°,  71=16x10". 
Thas  it  is  fair  to  conclude  that  at  temperatures  quite  as  low  as 
100°  the  spontaneous  chemical  action,  i.  e.  the  continuous  re- 
arrangement of  the  molecules  of  glass  is  a  pronounced  occur- 
renca 

The  given  value  of  the  frequency  of  discharge  of  field,  n, 
may  be  further  expressed  in  terms  of  the  number  of  molecules 
771,  which  break  up  per  unit  of  volume,  per  unit  of  time,  when 
the  number  of  molecules  q  per  uuit  of  surface,  whose  disinte- 
gration just  discharges  the  field,  and  the  mean  distance,  x^  over 
which  tney  are  urged  by  the  field  during  the  interval  between 
break-up  and  recombination,  are  known.  For  n^mxlq\  or 
7/1=71  (y/a?).  Here  a?  is  a  very  small  quantity,  not  exceeding 
the  centimeter  numeric  of  the  mean  free  path  of  the  molecule 
of  a  gas ;  whereas  y  is  a  very  large  quantity.  Hence  m  is  larger 
than  the  given  vafue  of  ti,  even  if  the  above  superior  limits 
be  100  times  the  true  value  of  n. 

These  approximate  statistics  are  the  nearest  exact  statement 
for  the  phenomenon  of  molecular  break-up,  which  I  can  ad- 
duce ;  but  they  suflSce  for  the  present  purposes.  They  show 
that  even  when  glass  is  practically  an  insulator,  the  number  of 
active  molecules  rriy  considered  absolutely  is  very  large ;  and 
that  771  need  by  no  means  be  negligibly  small  even  in  com- 
parison with  the  total  number  of  molecules  per  unit  of  volume. 

The  above  paragraphs  prove  that  the  rate  at  which  molecu- 
lar break-up  takes  place  is  appreciably  greater  when  glass  is 
under  stress  than  when  it  is  not.  It  is  improbable  tnat  the 
system  will  pass  from  one  state  of  molecular  equilibrium  to 
another,  instantaneously.  Hence,  since  even  in  case  of  very 
high  resistance,  such  as  that  of  glass  at  100°,  the  number  of 
unstable  molecules  per  unit  of  volume  must  still  be  conceived 
to  be  very  large,  it  follows  that  the  species  of  molecular  break- 
up in  question  may  be  looked  upon  as  a  fruitful  cause  of 
viscous  deformation.* 

Phys.  Lab.  U.  S.  G.  S.,  Washington,  D.  C. 


Art.  XXXVII. — On  the  Formation  of  Siliceous  Sinter  hy 
the  Vegetation  of  Thermal  Springs  /  by  Walter  Harvey 
Weed,  of  the  U.  S.  Geological  Survey .f 

It  is  a  well  known  fact  that  hot  spring  waters  often  contain 
considerable  silica  in  solution,  particularly  those  issuing  from 
volcanic  rocks,  with  which  boiling  springs  are  so  frequently  as- 

*  This  Journal,  mvi,  pp.  118,  179,  183,  202,  208.  1888.     Phil.  Mag.,  V,  xxvi, 
pp.  397,  398,  1888. 
f  Published  bj  permission  of  the  Director  of  the  Survey. 
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The  numerous  analyses  of  sinters,  made  in  the  Sun^ej  lab- 
oratory, show  that  those  formed  by  mosses  and  algous  vegeta- 
tion are  generally  purer  than  the  true  geyserite,  the  latter  con- 
taining more  or  less  clay,  resulting  from  particles  in  snspension 
in  the  geyser  waters.     The  algous  sinter  does  not  differ  in  com 

S3sition  irom  the  opal  sinters  produced  by  the  waters  of  the 
oral    and  other  springs  at  tne  Norris  loasin,  nor  from  the 
purer  geyserites  formed  by  evaporation. 

Siliceous  Sinter  from  New  ZecUaneL 

Through  the  courtesy  of  Prof.  F.  W.  Clarke  I  have  been 
enabled  to  examine  a  small  collection  of  New  Zealand  "  geyser- 
ites "  and  to  compare  them  with  the  Yellowstone  sinters.  The 
specimens  are  mainly  from  the  hot  springs  of  Kotorua  (or 
Ohinemutul  where  the  waters,  long  used  by  the  Maori  for 
cooking  ana  bathing,  are  now  utilized  for  a  government  sanita- 
rium. 

The  collection  embraces  a  number  of  varieties  of  sinters: 
true  geyserites,  formed  by  the  evaporation  of  spattered  drops 
of  water ;  incrustation  sinters,  resembling  a  crushed  handful  of 
hay  converted  into  silica :  opal  sinter  and  hot  spring  sandstones. 

feesides  these  varieties  there  are  two  specimens  whose  strnc- 
ture  indicates  that  the  algous  vegetation  of  the  New  Zealand 
waters  produces  siliceous  sinter.   These  specimens  are,  however, 
quite  unlike ;  the  first  resembles  the  sinter  resulting  from  the 
growth  of  membranous  sheets  of  red  or  green  algee,  a  form  of 
vegetation  resembling  certain  species  of  sea-weeda    Such  algous 
sheets  occur  in  hot  waters  all  over  the  globe,  and  are  described 
as  "  sheets  of  a  slimy  confervoid  growth  "  *  in  the  Rotorua  wa- 
ters.    The  sinter  is  creamy  pink,  showing  a  wavy,  very  thinly 
laminated   structure,   with   occasional    vesicular   blisters  lined 
with  red  and  green  patches,  presumably  the  remains  of  algff. 
It  so  very  closely  resembles   sinters,  whose   algous  origin  L^ 
known,  that  a  similar  origin  seems  probable.     An  analysis  of 
this  specimen  is  given  in  tne  table  following. 

The  second  specimen  is  quite  diflEerent  in  structure,  consist- 
ing of  several  layers  of  fibrous  silica,  the  fibers  all  perpendic- 
ular, and  resembling  a  very  fine,  short  and  thick  white  fur. 
This  sinter  is  exactly  like  the  algous  sinter  forming  the  floor  of 
the  channels  of  the  Old  Faithful  geyser  and  making  one-half 
of  the  section  of  12  feet  of  sinter  exposed  in  the  wfuls  of  the 
Excelsior,  and  there  seems  no  reason  for  doubting  that  it  has 
been  formed  in  the  same  way. 

The  following  analyses  of  New  Zealand  sinters  have  been 
made  by  Mr.  J.  Edward  Whitfield,  of  the  Survey  Laboratory. 

*  Skej,  Trans.  N.  Z.  Inst,  vol.  x,  p.  433. 
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Algous         Pulyerulent 
Geyserite.  sinter?  deposit 

SiO   90-28  92-47  74-63 

A1,0, 3-00  2-64  16-69 

CaO 0-44  0-79  1*00 

MgO trace  0-15  trace 

Na.O 0-30 

K,0 1-02 

Ignition 6-24  3-99  7-43 

Total 99-96  99-94  99-97 

The  first  is  typical  geyserite,  undoubtedly  an  evaporation  de- 
posit ;  the  second  is  tne  laminated  sinter  already  alluded  to. 
The  third  is  a  pure  white  pulverulent  deposit  resembling  a 
block  of  diatomaceous  earth,  out  composed  of  impalpable  par- 
ticles of  glass.  Its  composition  corresponds  to  that  of  rhvolite 
(the  rock  from  which  the  Botorua  waters  also  issue)  with  the 
alkalies  leached  out  and  replaced  by  water. 

Summari/. 

The  study  of  the  origin  of  the  deposits  of  siliceous  sinter 
found  in  the  Yellowstone  proves  that  they  are  largely  formed 
by  the  vegetation  of  the  hot  spring  waters.  Waters  too  poor 
in  silica  to  form  sinter  deposits  by  any  other  cause  may  be  ac- 
companied by  beds  of  siliceous  sinter  formed  by  plant  life.  The 
extent  and  thickness  of  these  deposits  establishes  the  importance 
of  this  form  of  life  as  a  geological  agent. 

Washington,  D.  C,  Jan.  20,  1889. 


Art.  XXXVIII. — Marhie  Shells  and  Fragments  of  Shells 
in  the  TiU  near  Boston;  by  Warren  Upham. 

[Read  before  the  Boston  Society  of  Natural  History,  Dec.  19,  1888.] 

The  fossils  here  described,  occurring  in  drift  deposits  near 
Boston,  and  belonging  wholly  to  species  that  are  still  living  in 
Massachusetts  bay,  have  been  previously  noticed  by  several  ob- 
servers, who  have  regarded  them  as  evidence  of  a  marine 
submergence  within  the  Pleistocene  or  Quaternary  period. 
Instead  of  this,  my  observations  made  during  the  past  summer 
and  autumn  show  that  these  fossils  were  transported  from  the 
bed  of  the  sea  on  the  north  by  the  ice-sheet  in  the  same  man- 
ner as  the  materials  of  the  drift,  including  its  bowlders  and 
rock  fragments,  large  and  small,  have  been  carried  various  dis- 
tances from  north  to  south,  being  often  deposited  at  higher 
elevations  than  the  localities  from  which  they  were  brought. 
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Again  the  traction  effect  in  case  of  electrolytic  conduction, 
bein^  a  decrement  of  resistance,  is  of  the  opposite  sign  of  the 
traction  effect  in  cases  of  metallic  conduction*  (increment  of 
resistance).  The  former  is  also  of  decidedly  greater  magnitude. 
If,  therefore,  conduction  in  metals  is  essentially  the  same  phe- 
nomenonf  as  in  electrolytes,  then  the  soft  metallic  state  must 
be  singularly  well  adapted  to  promote  molecular  reconstruction. 
This  fine  adaptation  of  structure  is  destroyed  by  strains  of 
dilatation,  by  heat,  by .  alloying,t  etc.  In  the  data  ffiven,  the 
electrical  traction-coefficient,  as  well  as  the  electricdT  tempera- 
tnre-coefficient  (resistance),  are  similar  in  sign  and  in  relative 
magnitude,  both  in  metals  and  in  electrolyte&  They  are  posi- 
tive in  metals  and  small,  negative  in  electrolytes  and  large. 
This  is  additional  evidence  in  favor  of  a  volume  effect  dis- 
cussed at  some  length  elsewhere. 

12,  The  chief  result  of  the  present  paper  is  the  emphasis 
thrown  on  the  fact  that,  independently  of  the  passage  of  cur- 
rent, such  a  solid  as  glass  must  be  conceived  as  undergoing 
spontaneous  molecular  reconstruction  at  all  temperatures,  for 
if  the  reconstruction  in,  question  were  superinduced  by  the 
electric  field,  then  the  current  passing  would  vary  at  a  power 
higher  than  the  first  of  electromotive  force ;  whereas  it  may 
be  taken  for  granted  that  currents  of  the  intensity  of  those 
discussed  above,  pass  through  glass  in  accordance  with  Ohm's 
law.§  Recently  J.  J.  Thomson!  among  many  results  of  his 
development  of  the  Lagrangian  function,  investigated  an  ex- 
pression for  the  number  of  times,  n,  the  electric  field  is  dis- 
charged at  any  point,  in  case  of  conduction  through  either 
metds  or  electrolytes.  If  X  be  the  specific  conductivity,  JTthe 
specific  inductive  capacity  of  the  medium,  then  n=27rfii/K\ 
where  /9  is  a  coefficient  the  value  of  which  is  less  than  unity 
and  depends  on  the  relative  time  of  destruction  and  existence 
of  the  electric  field.  Accepting  provisional  values  for  ^  and 
Jf,  Thomson  computes  a  table  of  values  for  the  superior  limit 
of  n,  in  cases  both  of  metals  and  of  electrolytes.  From  this 
table  it  appears  that  n  for  mercury  for  instance,  is  less  than 
8X10".  Similar  values  for  the  limit  of  n  in  case  of  glass  at 
the  above  temperatures  of  observation,  100°,  200°,  360°,  may 
be  deduced.  In  round  number  the  specific  resistances  of  glass 
at  the  temperatures  stated  were,  in  ohms,  10',  10*,  and  5  X 10', 

*  Mousson:  Neue  Schweizer,  Zeitschr.,  xiv,  p.  33,  1855;  H.  Tomlinson:  Proc 
Roy.  Soc,  XXV,  p.  461,  1876;  id,  xxvi,  p.  401,  1877. 

t  J.  J.  Thomson  :  Applications  of  Dynamics  to  Physics  and  Chemistry,  p.  296 ; 
Macmillan,  1888. 

i  This  Journal,  xxxvi,  p.  427,  1888. 

§  Fitzgerald  and  Trouton  (Rep.  Br.  Assoc.,  1886,  p.  312)  show  that  electrolytes 
obey  Ohm's  law  accurately. 

I  J.  J.  Thomson:  1.  c,  p.  299. 
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respectively.  From  this  it  follows  nearly,  that  for  glass  at 
100^,  71=8X10';  at  200°,  n=8xl0*;  at  360°,  n=16xl0". 
Thus  it  is  fair  to  conclude  that  at  temperatures  quite  as  low  as 
100°  the  spontaneous  chemical  action,  i.  e.  the  continuous  re- 
arrangement of  the  molecules  of  glass  is  a  pronounced  occur- 
renca 

The  given  value  of  the  frequency  of  discharge  of  field,  n, 
may  be  further  expressed  in  terms  oi  the  number  of  molecules 
m,  which  break  up  per  unit  of  volume,  per  unit  of  time,  when 
the  number  of  molecules  q  per  uuit  of  surface,  whose  disinte- 
gration just  discharges  the  field,  and  the  mean  distance,  x,  over 
which  tney  are  urged  by  the  field  during  the  interval  between 
break-up  and  recombination,  are  known.  For  n=mx/q]  or 
7/i=n  (g/x).  Here  a?  is  a  very  small  quantity,  not  exceeding 
the  centimeter  numeric  of  the  mean  free  path  of  the  molecule 
of  a  gas ;  whereas  y  is  a  very  large  quantity.  Hencd  m  is  larger 
than  the  given  vafue  of  /i,  even  if  the  above  superior  limits 
be  100  times  the  true  value  of  n. 

These  approximate  statistics  are  the  nearest  exact  statement 
for  the  phenomenon  of  molecular  break-up,  which  I  can  ad- 
duce ;  but  they  suffice  for  the  present  purposes.  They  show 
that  even  when  glass  is  practically  an  insulator,  the  number  of 
active  molecules  m,  considered  absolutely  is  very  large ;  and 
that  m  need  by  no  means  be  negligibly  small  even  in  com- 
parison with  the  total  number  of  molecules  per  unit  of  volume. 

The  above  paragraphs  prove  that  the  rate  at  which  molecu- 
lar break-up  takes  place  is  appreciably  greater  when  glass  is 
under  stress  than  when  it  is  not.  It  is  improbable  tnat  the 
system  will  pass  from  one  state  of  molecular  equilibrium  to 
another,  instantaneously.  Hence,  since  even  in  case  of  very 
high  resistance,  such  as  that  of  glass  at  100°,  the  number  of 
unstable  molecules  per  unit  of  volume  must  still  be  conceived 
to  be  very  large,  it  follows  that  the  species  of  molecular  break- 
up in  question  may  be  looked  upon  as  a  fruitful  cause  of 
viscous  deformation.* 

Phys.  Lab.  U.  S.  G.  S.,  Washington,  D.  C. 


Art.  XXXVII. — On  the  Formation  of  Siliceous  Sinter  hy 
the  Vegetation  of  Thermal  Springs  /  by  Walter  Harvey 
Weed,  of  the  XT.  S.  Geological  Survey.f 

It  is  a  well  known  fact  that  hot  spring  waters  often  contain 
considerable  silica  in  solution,  particularly  those  issuing  from 
volcanic  rocks,  with  which  boiling  springs  are  so  frequently  as- 

*  This  Journal,  mvi,  pp.  178,  179,  183,  202,  208.  1888.     Phil.  Mag.,  V,  xxvi, 
pp.  397,  398,  1888. 
f  Published  by  permission  of  the  Director  of  the  Survey. 
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development  upon  most  of  the  country  in  the  neighborhood  of 
Boston,  rising  with  smooth,  ovally  rounded  contour  to  heights 
from  50  to  200  feet,  and  have  been  the  subject  of  several  papers 
before  this  Society.*  Approximate  elevations  of  the  dmmlins 
in  which  fossils  have  been  found  are  as  follows :  Grover^s  cliff, 
60  feet  above  the  sea;  Great  Head,  100  feet;  Eagle  hill.  East 
Boston,  120  feet ;  north  end  of  Long  island,  75  feet;  George's 
island,  60  feet ;  Moon  island,  100  feet ;  north  end  of  Peddock's 
island,  70  feet ;  Nut  island,  40  feet ;  Quincy  Great  hill,  100 
feet ;  on  the  north  shore  of  Hull,  80  feet ;  Telegraph  hill,  125 
feet ;  and  Sagamore  Head,  65  feet.  The  cliffs  eroded  by  the 
sea  on  most  of  these  dmmlins  extend  from  10  or  15  feet  above 
mean  tide  sea  level  upward  very  steeply  or  often  in  part  ver- 
tically to  near  their  tops. 

Excepting  Great  Head,  which  contains  modified  drift  near 
its  base,  to  be  presently  described,  these  sections  consist  wholly 
of  till  or  bowlder-clay,  the  direct  deposit  of  the  ice-sheet,  un- 
modified by  the  transporting  and  assorting  action  of  water. 
Weathering  has  changed  the  small  ingredient  of  iron  in  this 
deposit  from  the  protoxide  combinations  which  it  stiU  retains 
in  the  lower  part  of  the  till  to  the  hydrous  sesqnioxide  in  its 
upper  part  for  a  depth  of  commonly  fifteen  or  twenty  feet 
from  the  surface,  thereby  giving  to  the  latter  a  yellowish  color 
in  contrast  with  the  darker  gray  or  bluish  color  of  the  former. 
Both  portions  are  very  compact  and  hard  till,  an  intimate  nn- 
stratified  commingling  of  bowlders,  gravel,  sand,  and  clay,  and 
seem  by  these  characters,  and  by  their  abundant  striated  bowl- 
ders and  smaller  fraginents  of  stone,  to  be  distinctly  the  ground 
moraine  of  the  ice-sheet.  The  southeast  and  east-southeast  trends 
of  the  longer  a!xes  of  the  drumlins  in  this  vicinity,  coinciding  at 
least  approximately  with  the  direction  of  striation  of  the  bed- 
rock, further  indicate  that  these  oval  hills  of  till  were  accumu- 
lated beneath  the  ice-sheet,  this  form  being  that  which  would  op- 
pose the  least  resistance  to  the  glacial  current  passing  over  them. 
Though  the  till  is  destitute  of  stratification,  its  materials,  coarse 
and  fine,  from  boulders  often  several  feet  and  occasionally  ten 
feet  or  more  in  diameter  to  the  finest  rock-flour,  being  indis- 
criminately mixed  in  the  same  mass,  it  yet  generally  shows  an 
obscure  lamination  in  parallelism  with  the  surface,  having  thus 
in  the  drumlins  an  inclination  like  that  of  their  slopes.  This 
structure  is  best  displayed  after  some  exposure  of  the  section  to 
the  action  of  the  weather.     It  seems  to  be  an  imperfect  cleavage 

♦By  Prof.  N.  S.  Shaler,  Proceedings  B.  S.  N.  H.,  vol.  xiii,  pp.  198-203;  by 
Prof.  C.  H.  Hitchcock,  vol.  xix,  pp.63-67  ;  and  by  the  present  writer,  vol.  xx,  pp. 
220-234.  Also,  see  Geology  of  New  Hampshire,  vol.  iii,  pp.  285-309;  *'Tbe 
Distribution  and  Origin  of  Drumlins,"  by  W.  M.  Davis,  in  this  Journal,  III,  toI 
xxviii,  pp.  407-416,  Dec.  1884;  and  Illustrations  of  the  Earth's  Surf  ace :  GlaGierB* 
by  Professors  Shaler  and  Davis,  Plate  xxiv. 


W.  H.  Weed — Formation  of  Siliceous  Sinter.         368 

carries  0*7620  gms.  of  silica  to  the  kilogram  of  water,  and 
issues  with  a  temperature  of  199°  F.,  one  decree  above  the 
theoretical  boiling  point  of  pare  water  at  this  altitude.  This 
water  is  perfectly  clear  and  without  sediment,  and  remains  so 
upon  cooling  to  35°  F.  and  after  standing  several  days.  Yet 
about  the  spring,  sinter  is  deposited  under  such  conditions  that 
evaporation  can  have  but  little  effect,  though  it  is  also  deposited 
elsewhere  through  evaporation.  It  is  possible  that  in  this  water 
as  in  that  of  the  Coral  Spring,  the  influence  of  the  silica  already 
deposited  causes  a  separation  from  water  that  would  not  other- 
wise deposit  silica. 

Sinter  deposition  beneath  the  surface  of  the  water  is  ex- 
tremely rare  among  the  hot  springs  of  the  Park  and  has  never 
been  observed  at  either  the  Upper  or  Lower  Geyser  Basins. 
The  waters  of  the  Coral  Spring,  Norris  Basin,  containing  0*6070 
grams  of  silica  to  the  kilogram  of  water,  is  opalescent  from 
silica  in  suspension  or  "  pseudo  solution,"  but  does  not  de- 
posit silica  after  standing  several  years  in  the  laboratory,  and 
as  in  other  siliceous  waters  cooling  does  not  affect  the  silica, 
which  only  separates  out  after  freezing  (crvstallization).  Yet 
the  water  deposits  silica  freely  upon  the  sides  and  bottom  of 
the  spring.  The  constitution  of  this  water,  its  peculiar  opa- 
lescence and  the  situation  of  the  spring  lead  to  the  belief  that 
the  saturation  of  the  solution  is  due  to  chemical  reaction  be- 
tween an  alkaline  spring  water  and  acid  vapor.  This  accords 
vrith  the  theory  of  Damour  regarding  the  deposition  of  silica 
by  the  waters  of  the  Iceland  hot  springs.*  Moreover,  in 
such  waters  there  is  often  a  neutralization  of  the  alkaline 
solution  by  descending  acid  waters,  made  acid  by  oxidation ; 
this  is  the  way  in  which  LeConte  and  Rising  explain  the  de- 
position of  the  gelatinous  silica  of  Sulphur  Bank,  Cal.f 

That  the  carbon  dioxide  of  the  atmosphere  has  any  effect 
in  producing  sinter  deposition;]:  is  disproven  by  the  occurrence 
of  free  CO,  iif  these  waters. 

Evaporation,  partial  or  complete,  certainly  produces  a  depo- 
sition of  silica  from  the  siliceous  waters  of  the  Park,  both  acid 
and  alkaline.  It  is,  according  to  Bunsen,  the  only  cause  pro- 
ducing the  deposition  of  sinter  by  the  geyser  waters  of  Ice- 
land. Though  evaporation  is  certainly  an  efficient  agent,  par- 
ticularly in  the  dry  air  of  the  Park,  producing  some  of  the  most 
beautiful  and  striking  forms  of  sinter  known,  yet  the  deposits 
of  the  Yellowstone  (excepting  those  of  Norris  Basin)  are  but 
partly  due  to  this  cause,  and  as  already  stated,  are  chiefly  formed 
oy  a  separation  of  silica  by  the  vegetable  life  of  the  hot  water. 

*Phil.  Mag.,  XXX,  1847,  p.  405. 

J  This  Journal.  Ill,  vol.  xxiv,  p.  33. 
Roscoe  and  Schorlemmer,  Treatise  od  Chem.,  vol.  i,  p  571. 
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sinter  produced  by  algae,  a  striking  illustration  of  the  proportion 
of  algous  sinter  oi  such  deposits,  while  the  remaining  two  feet 
consist  principally  of  the  cemented  fragments  of  the  same 
varieties  of  sinter.  This  preponderance  of  algous  sinter  in  the 
deposits  of  all  the  geyser  basins  (save  the  Norris  basin),  is  due 
to  the  greater  rapidity  with  which  it  is  formed. 

Mate  of  formation. — Excepting    the    deposits    formed  bv 
the  highly  charged  waters  of  the  N  orris  Basin,  which  deposit 
silica  very  rapidly,  the  hot  spring  and  geyser  waters  deposit 
silica  very  slowly,  by  causes  other  than  vegetable  life.     The 
beaded  deposits  which  characterize  the  vents  of  the  geysers, 
and  to  which  the  name  geyserite  is  most  properly  appbed,  are 
formed  entirely  by  evaporation.     It  is  of  course  difficult  to 
make  any  estimate  of  the  average  rate  at  which  such  deposits 
are  formed  about  the  older  geysers.     Quite  recently,  however, 
the  development  of  a  quiet  "  taug^'*  a  non-boiling  spring,  into 
a  geyser  named  the  Liberty  has  afforded  an  excellent  opportu- 
nity for  the  study  of  the  rate  of  formation  of  this  class  of  sin- 
ters.    A  careful  examination  shows  that  an  avera^  thickness 
of  ^5  of  an  inch  has  been  formed  in  the  eighteen  months'  activ- 
ity of  this  vent.     The  laminated  sinters  about  many  of  the 
springs  are  less  rapidly  formed.     At  the  Model  Geyser,  under 
very  favorable  conditions  for  the  formation  of  sinter  by  evapo- 
ration, i.  e.,  alternate  wetting  and  drying  of   the  surface,  i 
deposit  formed  over  a  name  written  upon  the  surface  of  the 
sinter  nine  years  ago,  and  known  to  be  authentic,  is  but  yf^^  of  an 
inch  thick,  while  more  recent  names  are  glazed  with  a  coating 
of  silica  of  extreme  thinness.     The  salmon-colored  floor  of  a 
channel  near  the  Castle  geyser  is  liberally  inscribed  with  names 
of  visitors,  and  although  marring  the  beauty  of  the  deposit  thev 
furnish  a  record  of  the  rate  at  which  the  sinter  forms  at  this 
place.     In  this  case,  moreover,  the  salmon-pink  color  is  due  to 
the  presence  of  a  fuzz  of  algie,  so  that  a  coating  of  ^  J^  to  ^  of 
an  inch  a  year,  is  not  due  wholly  to  evaporation. 

The  fibrous  sinter  forming  the  floor  of  the  channels  of  Old 
Faithful  is  composed  of  layers,  whose  average  thickness  is  ^V  of 
an  inch,  separated  by  lines  of  dense  glassy  silica.  Each  layer 
probably  represents  a  summer's  growth,  and  the  annual  thick- 
ness formed  at  this  place  can  scarcely  exceed  ^V  of  an  inch. 

The  algous  jellies,  however,  grow  very  rapidly — a  thicknesg 
of  four  to  five  inches  forming  in  several  months  under  verr 
favorable  conditions,  and  a  thickness  of  \\  inches  in  2 J  months 
by  actual  experiment.  Such  jellies,  deprived  of  the  necessarr 
supply  of  water,  soon  harden,  and  a  crust  forms  on  their  sor- 
face  by  evaporation  so  that  a  considerable  thickness  of  thl^ 
form  of  sinter  may  be  produced  in  a  comparatively  short  time 
by  this  agency. 
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coltunella,  perhape  of  Chrysodomus  decemcoatattts.  In  the 
third  column  are  the  species  found  in  the  cliff  of  Moon  island  ; 
in  the  fourth  column,  thoee  obtained  from  the  well  at  Fort 
Warren ;  in  the  fifth,  those  of  Peddock's  island ;  and  in  the 
sixth,  those  of  the  northern  cliff  in  Hull.  At  the  other  locali- 
ties  only  Venus  mereenarw,  was  found  In  the  limited  time 
available  for  search. 

Li»t  of  Spteitt  mOieim  naar  BoaUm. 


BalfiDus  creaatus.  Brugui^re 

ChrjaodomuB  decemcopulus,  Saj  . 

Tritio  trivittnw,  AdnmB 

TTrDaalpini  ciDerex,  StimpBon 

Lunalia  heroa,  Adams 

lA^una  □eriUi[deii,  GouM  (7) 

Saxicava  arrtica,  Daahajea 

Ufa  areoaria,  LInbd 

EuflaCella  Americana,  YerriU  . . . , . 

Uactra  aolldigaliiia,  Chemnitz 

Venus  mercenaria.  Linn^ 

Tapes  fluctuosa,  Sowerby  (T) 

Cardium  IslaDdicum,  Linne  (T) 

Cyclocardia  borcalia,  Coarad 

Aatarte  undata,  Oould 

Aatarte  caaianea,  Say 

Uytilus  edulis,  Lione 

Uodiola  modiolus,  Turloo 

PeclCQ  Islandicus,  Chemnite 

Oatrea  Virginiana,  LiiiWr ._ 

ClioDB  aolphurea,  Vetrill 


1     3     3     4     b     6 


All  these  species,  which  remain  from  the  marine  fatina  that 
existed  before  the  formation  of  the  last  ice-eheet  upon  this  area, 
excepting  one  whose  determination  is  doubtful,  are  found 
living  at  the  present  time  in  the  adjoining  waters  of  Massa- 
chnsetts  bay.  StimpBon  wrote  of  his  collection:  "With  the 
exception  of  Venus  mercenaria,  I  have  obtained  all  of  them  in 
a  living  state  by  dredging  within  a  mile  of  the  locality  where 
they  are  now  found  fossil."  Nor  are  any  noteworthy  differ- 
ences observable  between  these  fossils  and  the  living  shells, 
excepting  that  tlie  Venus  ^iiercetmria  belongs,  like  most  of  the 
fossils  of  this  species  in  Sankoty  Head,  Nantucket,  to  the  very 
massive  and  strongly  sculptured  form,  probably  not  to  be  re- 
garded as  a  distinct  variety,  which  still  survives  in  the  waters 
of  Nantucket* 

Four  species  in  this  list  attain  their  southern  limit  at  Cape 

Cod;  and  one,  Tapes Jluctuoaa,  is  not  reported  south  of  Nova 

Scotia  and  the  Fishing  Banks.     The  remaining  sixteen  have  a 

•This  Journal,  III,  Tol.  i,  1876,  pp.  369,  3T1. 


366  W.  Uyhara — Ma/rme  ShdU  a/nd  FroffmefUs 

range  beyond  Cape  Cod.  In  northward  range,  five  extend  only 
to  the  Gulf  of  St  Lawrence;  and  three  of  these,  namely, 
UroHalpiixx  cinerea^  Venus  mercenaria^  and  Ostrea  Virffinuma^ 
occur  only  in  isolated  colonies  north  of  Massachnsetts  bay. 
Another,  A.8tarte  castanea^  has  its  northern  limits  on  the  ooak 
of  Nova  Scotia  and  at  Sable  island;  while  the  burrowing 
sponge,  Cliona  aulphurea^  is  not  reported  beyond  Portland 
Fourteen  are  more  boreal,  of  which  four  continue  to  Labrador, 
and  ten  to  the  Arctic  ocean. 

The  great  abundance  of  the  round  clam,  Yenus  mercenaria, 
which  IS  now  scarce  in  Massachusetts  bay  but  plentiful  south 
of  Cape  Cod,  indicates  that  the  sea  here  during  part  of  the 
epoch  just  preceding  the  last  glaciation  was  warmer  than  at  the 
present  time.^  Similarly,  the  colonies  of  this  and  associated 
southern  species,  scattered  here  and  there  northward  to  the 
Bay  of  Chaleurs,  are  evidence  that  since  this  last  glacial  epoch 
the  sea  has  been  again  warmer  than  now  along  this  coast,  per- 
mitting these  species  to  advance  so  far  to  the  north.  The  in- 
termingling of  characteristic  southern  and  northern  forms  in 
this  assemblage  of  fossils  from  the  till  seems  to  be  readily 
accounted  for  by  the  gradual  refrigeration  of  climate  which 
culminated  in  the  formation  of  the  ice-sheet  Before  that  time 
the  round  clam  or  quohog  and  other  shells  of  chiefly  southern 
range  were  doubtless  succeeded  by  a  wholly  boreal  and  arctic 
marine  fauna.  In  the  Pleistocene  beds  containing  fossil  shells 
on  Gardiner's  islandf  and  at  Sankoty  Head,:]:  which  are  refer- 
able to  the  same  epoch  with  these  near  Boston,  namely,  the 
interglacial  epoch  preceding  the  latest  glaciation,  the  rouna  clam 
occurs  in  abundance  ;  but  it  has  not  been  discovered  fossil 
north  of  the  sections  here  described,  which  indeed  are  the  most 
northern  yet  found  in  northeastern  America  holding  fossils  of 
interglacial  age.  It  has  not  been  found  in  the  plentiful  fauna 
of  the  marine  beds  of  modified  drift  deposited  in  southern 
Maine  during  the  departure  of  the  last  ice-sheet,  nor  in  the 
scantily  fossiliferous  continuation  of  ihese  beds  southward  to 
Portsmouth,  Gloucester,  and  Cambridge. 

Nearly  all  the  species  of  our  list  inhabit  the  shore  or  shallow 
water,  from  low  tide  to  the  depth  of  a  few  fathoms,  though 

*  From  the  same  evidence  and  the  occurrence  of  other  species  elsewhere  in  the 
Pleistocene  deposits  of  the  eastern  United  States  north  of  their  present  range, 
Desor  announced  in  1847  to  the  Geological  Society  of  Prance  (BuUetin,  vol.  v.  p. 
91)  and  in  1852  in  this  Journal,  (11,  vol.  xiv,  pp.  52,  53)  that  a  wanner 
climate  then  prevailed  throughout  this  whole  district. 

t  Sanderson  Smith  in  Annals  of  the  Lyceum  of  Natural  History  of  New  York, 
▼ol.  viii,  1867,  pp.  149-151  ;  F  J.  H.  Merrill  in  Annals  of  the  New  York  Academy 
of  Sciences,  vol.  iii,  188G,  p.  354,  with  sections  on  Plate  xxvii. 

t  Deaor  and  Cabot  in  Quarterly  Journal  of  the  Geological  Society,  London,  vol 
V,  1849.  pp.  340-344,  partly  quoted  by  Packard  in  Memoirs  B.  S.  N.  H.,  vol.  t 
pp.  252-3 ;  Verrill  and  Scudder  in  this  Journal,  III,  voL  x,  1876,  pp.  364-375. 
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some  of  these  also  range  downward  to  considerable  depths. 
Three,  of  which  two  are  doubtfully  determined,  are  probably 
restricted  to  comparatively  deep  water;  but  even  tnese  are 
often  cast  ashore  m  severe  storms.  Considering  the  outlines 
of  our  eastern  coast  and  the  direction  of  the  motion  of  the 
ice-sheet,  it  seems  probable  that  these  fossils  were  living  along 
the  shore  and  in  the  shallow  edge  of  the  sea  on  the  area  be- 
tween the  mouths  of  the  Charles  and  Saugus  rivers.  In  that 
interglacial  epoch  the  drumlins  of  this  district  had  not  been 
accumulated,  and  the  greater  part  of  Chelsea,  Bevere,  and 
Winthrop,  formed  of  these  and  other  deposits  of  glacial  and 
modified  drift,  may  then  have  been  sea  oi  similar  depth  with 
the  present  harbor  of  Boston  or  the  part  of  Massachusetts  bay 
between  Winthrop  and  Nahant  From  this  tract  the  south- 
easterly  moving  ice-sheet,  plowing  up  the  marine  beds  and 
their  inclosed  shells,  with  those  then  tenanting  the  sea,  carried 
them  forward  to  form  a  portion  of  the  till  of  the  drumlina 
That  the  sea-bottom  from  which  these  shells  were  derived  had 
been  shallow  is  evident  from  the  predominance  of  the  round 
clam,  which,  according  to  Professor  Verrill,  is  seldom  found 
in  any  abundance  below  five  fathoms. 

Glacially  transported  shells  and  fragments  of  shells  have 
been  previously  observed  in  till  at  Brooklyn,  N.  Y.,  where  E. 
Desor  and  W.  C.  Eedfield  gathered  fi*agments  of  the  round 
and  long  clams,  oyster,  and  other  species,  "imbedded  in  a 
reddish  loam  intermixed  with  pebbles  and  bowlders,  many  of 
which  are  distinctly  scratched  ;"*  and  in  till,  or  at  least  de- 
posits of  clay  enclosing  numerous  stones  and  bowlders,  on  the 
lower  part  of  the  St.  Lawrence  river,  from  the  vicinity  of 
Quebec  northeastward  more  than  a  hundred  miles,  chiefly  on 
the  southeastern  shore,  to  opposite  the  mouth  of  the  Saguenay.f 
But  the  descriptions  of  these  beds  containing  shells  and  bowl- 
ders on  the  St.  Lawrence  indicates  that  they  were  mostly,  if 
not  altogether,  deposited  by  water  with  floating  ice  during  the 
recession  of  the  ice-sheet,  while  these  marine  shells  lived  where 
they  are  now  found,  being  thus  comparable  with  the  fossilifer- 
ous,  bowlder-bearing  brick-clay  of  Paisley,  Scotland.:]:  In  the 
modified  drift  forming  Cape  Cod,  derived  from  the  melting 
ice-sheet  in  which  it  had  been  contained,  I  collected  ten  years 
ago  fragments  representing  sixteen  species  of  shells,  all  now 
living,  eight  of  which  appear  also  in  the  foregoing  li8t.§ 

*  Bulletin  de  la  Society  G^logique  de  France,  second  series,  vol.  v,  ISi*?,  pp. 
S9,  90 ;  Quart.  Joum.  Geol.  Soc.,  vol.  v,  p.  343 ;  Am.  Jour.  Sci.,  II,  vol.  xiv,  1852, 
p.  51. 

f  J.  W.  Dawson's  Notes  on  the  Post-pliocene  Geology  of  Canada,  1872,  pp.  7, 
45,  and  50-53. 

1  T.  F.  Jamiesonin  Quart.  Journ.  Geol.  Soc,  vol.  xxi,  1865,  pp.  175-177. 

§  American  Naturalist,  vol.  xiii,  1879,  p.  560. 
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Looking  over  the  various  lists  of  Pleistocene  fossils  found 
on  Gardiner's  island  and  in  Sankoty  Head  under  the  drift  of 
the  last  ice-sheet,  in  these  drumlins  of  till  near  Boston,  and  in 
the  modified  drift  of  the  glacial  recession  thence  northward  to 
Maine,  New  Brunswick,  and  the  valley  of  the  St.  Lawrence, 
we  cannot  fail  to  be  surprised  that  all  these  are  still  living  in 
the  adjoining  ocean  today.  So  recent  was  the  glacial  period* 
that  none  of  them  has  become  extinct,  nor,  with  very  rare  ex- 
ceptions, undergone  any  noteworthy  change  in  form  or  size. 
But  the  vicissitudes  to  which  they  were  exposed  during  the  last 
of  our  two  principal  glacial  epochs,  when  the  ice-eheets  east  of 
the  Alleghenies  advanced  fartner  than  in  the  earlier  glaciation^ 
were  doubtless  well  adapted  to  cause  both  extinctions  and  mod- 
ifications of  species.  How  vast  then  must  be  the  duration  of 
the  time  occupied  in  the  evolution  of  the  complex  faunas  and 
floras  of  our  fflobe,  and  in  the  formation  of  all  the  foesiliferous 
gr»)ups  of  rocks  since  the  dawn  of  terrestrial  life  ! 

In  various  parts  of  Great  Britain  such  transported  Pleisto- 
cene shells  are  found  in  the  till,  both  in  its  low  and  smooth 
tractsf  and  in  its  hilly  and  knolly  terminal  moraines  traced  by 
Professor  Lewis,  as  well  as  in  the  associated  kames.:^  Some  of 
these  foesiliferous  glacial  deposits  occur  in  Ireland,  northern 
Wales  and  northwestern  England  at  heights  1,100  to  1,350  feet 
above  the  sea,  and  have  been  generally  considered  as  proof  of 
marine  submergence  to  that  depth.  Instead  of  this,  Lewis  has 
shown§  that  the  shells  and  fragments  of  shells  found  there 
were  brought  by  the  currents  of  the  confluent  ice-sheet  which 
flowed  southward  from  Scotland  and  northern  Ireland,  passing 
over  the  bottom  of  the  Irish  sea,  there  plowing  up  its  marine 
deposits  and  shells,  and  carrying  them  upward  as  glacial  drift 
to  these  elevations,  so  that  they  afford  no  testimony  of  the  for- 
mer subsidence  of  the  land.  This  removes  one  of  the  most 
perplexing  questions  that  fflacialists  have  encountered  ;  for  no- 
where else  in  the  British  Isles  is  there  proof  of  any  such  sub- 
mergence during  or  since  the  glacial  period,  the  maximum 
known  being  510  feet  near  Airdrie  in  Lanarkshire,  Scotland.? 
At  the  same  time  the  submergence  on  the  southern  coast  of 
England  was  only  from  10  to  60  feet,T^  while  no  traces  of  raised 

*  Compare  Proceedingrs  B.  S.  N.  II.,  vol.  xiiii,  1887,  p.  446. 

t  Geikie's  Great  Ice  Age,  second  ed.,  pp.  164-186,  and  337-340. 

X  Quart.  Journ.  Gcol.  Soc,  vol.  xxx,  1874,  pp.  27-42;  miv,  1878,  pp.  383-397; 
ixxvi,  1880,  pp.  351-5;  xxxvii,  1881,  pp.  351-369;  and  xliii,  1887,  pp.  73-120; 
also.  Geological  Magazine,  II,  vol.  i,  1874,  pp.  193-197. 

§  Report  of  the  British  Association  for  Adv.  of  Sci.,  Birmingham,  1886,  pp. 
632-635;  Am.  Naturalist,  vol.  xx,  pp.  919-925,  Nov.,  1886;  this  Journal  lU, 
Tol.  xxxii,  pp.  433-438,  Dec.,  1886.  Also,  see  the  American  Geologist,  voL  ii,  pp. 
371-379,  Dec,  1888. 

I  Quart.  Journ.  Geol.  Soc,  vol.  vi,  1850,  pp.  386-8;  xxi,  1866,  pp.  219-221. 

\  Quart.  Journ.  Geol.  Soc,  xixiv,  1878,  pp.  454-7;  xzziz,  1883,  p.  64.  GeoL 
Mag.,  II,  vol.ii,  1876,  p.  229;  II,  vi,  1879,  pp.  166-172. 
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iches  or  of  Pleistocene  marine  formations  above  the  present 
level  are  found  in  the  Shetland  and  Orkney  islands.* 
The  occurrence  of  transported  marine  fossils  in  the  till  near 
ston  shows  that  during  uie  epoch  preceding  the  latest  glacia- 
n  the  North  American  coast  in  this  latitude  was  not  higher 
in  now  in  relation  to  the  sea  ;  for  in  that  case  no  marine  de- 
sits  and  shells  would  have  existed  here  to  be  eroded  by  the 
itheasterly  moving  ice-sheet  and  incorporated  in  its  drift  ac- 
mulations.  Conversely,  we  know  that  the  land  then  was  not 
preciably  lower  than  now,  in  other  words,  that  there  was  no 
asiderable  submergence  of  the  border  of  our  present  land 
ja ;  for  this  would  have  led  to  the  intermingling  of  such 
^ken  searshells  with  the  glacial  drift  farther  mland,  where 
trace  of  them  is  found.  So  it  appears  that  the  relative  levels 
land  and  sea  here  were  closely  the  same  before  the  last 
icial  epoch  as  at  the  present  time. 

The  chief  element  oi  my  interest  in  this  subject  has  been  a 
pe  that  its  bearing  thus  on  the  oscillations  of  land  and  sea 
ring  the  Quaternary  period  would  contribute  to  the  solution 
the  question  whether  the  northward  ascent  of  the  beaches 
the  glacial  Lake  Agassiz,  assigned  to  me  for  investigation 
the  u  nited  States  Geological  Survey,  is  to  be  explained 
unly  by  northward  attraction  of  the  water  of  that  lake  in 
avitation  toward  the  ice-sheet,  or  mainly  by  a  depression  of 
B  earth's  crust  beneath  the  ^ast  weight  oi  the  ice  and  its  re- 
jvation  when  the  weight  was  removed.  In  this  study  of  our 
tlantic  coast,  I  have  therefore  sought  to  connect  these  obser- 
tions  near  Boston  with  the  allied  evidence  supplied  by  other 
eistocene  marine  fossils  both  south  and  north  of  our  latitude, 
►me  of  the  conclusions  to  which  this  correlation  seems  to 
id  I  will  endeavor  to  state  briefly. 

As  before  noted,  it  is  only  toward  the  south  that  we  find 
eistocene  fossiliferous  bedfs  antedating  the  last  epoch  of 
leiation,  when  an  icensheet  covered  all  New  England.  They 
cuij  in  Sankoty  Head  and  on  Gardiner's  island  at  elevations 
spectively  about  30  and  15  feet  above  the  sea,  and  in  numer- 
8  localities  on  Long  Island  from  the  sea  level  up  to  eleva- 
)n8  of  about  200  feet.  But  at  least  the  higher  of  these  beds 
•pear  to  have  been  "  upheaved  by  the  lateral  pressure  of  the 
3-6heet  and  thrown  into  a  series  of  marked  folds  at  right 
gles  to  the  line  of  glacial  advance,"  as  shown  by  Merrill  ;t 
d  he  finds  that  this  uplifting  and  folding  is  also  very  distinctly 
en  in  the  strata  underlying  the  glacial  drift  on  Gardiner's 
and,  so  that  the  fossiliferous  layer  there,  though  raised  little 
»ove  the  sea  level,  is  probably  higher  than  its  original  position. 

*  Quart.  Joum.  Geol.  Soc,,  xxxv,  1879,  p.  810 ;  xxxvi,  1880,  p.  663. 

\  Annals  of  the  New  York  Academy  of  Natural  Sciences,  vol.  ill,  1886,  pp. 

1-364,  with  sections  aud  map. 
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To  such  glacial  thrust  and  uplifting  I  would  attribute  likewise 
the  tilted  condition  of  the  beds  forming  the  base  of  Sankoty 
Head  and  the  elevation  of  the  included  layers  of  shells.  More 
than  this,  I  believe  that  the  same  cause  will  account  for  the 
elevation  and  folding  of  the  wonderful  section  of  steeply  in- 
clined Miocene  strata  which  underlie  the  terminal  moraine  in 
Gay  Head.*  It  may  well  be  true,  therefore,  so  far  as  paleonto- 
logic  evidence  can  inform  us,  that  this  part  of  our  coast,  ex- 
tending south  to  the  farthest  limit  reached  by  the  continental 
ice  sheet,  held  approximately  the  same  relation  to  the  sea  level 
in  preglacial  and  interglacial  time  as  now.f  During  the  final 
melting  of  the  ice-sheet,  however,  the  land  was  higher,  or,  as  I 
would  prefer  to  say,  the  sea  was  lower  than  now,  as  is  shown 
by  channels  of  drainage,  which  extend  southward  from  the 
terminal  moraines  across  the  bordering  plains  of  modified  drift 
of  Long  Island,  Martha's  Vineyard,  In  antucket,  and  Cape  Cod, 
continuing  beneath  our  present  sea  level4  Nor  have  we  any 
proof  in  marine  beds  overlying  the  glacial  drift  that  the  sea 
there  has  stood  higher  than  now  at  any  time  since  the  glacial 
period. 

Near  Boston  and  northeast  to  Cape  Ann  the  coast  seems  to 
have  been  submerged  to  a  slight  depth,  probably  not  exceed- 
ing 10  to  25  feet,  wnen  the  ice-sheet  retreated  from  this  area.§ 
In  New  Hampshire  this  submergence  amounted  to  75  feet  or 
more,  and  the  fossils  in  the  marine  beds  overlying  the  glacial 
drift,  being  partly  of  arctic  and  partly  of  temperate  ranee, 
show  that  the  severe  climate  of  the  glacial  period  was  gradually 
changed  until  the  ocean  became  as  warm  as  now  before  it 
sank  to  its  present  level. |  After  this  the  ocean  within  recent 
times  has  held  even  a  somewhat  lower  level  than  at  present, 
and  seems  to  be  now  verj'  slowly  rising  upon  this  shore  and  in- 
deed along  the  entire  coast  from  New  Jersey  to  the  Gulf  of 
St.  Lawrence,  as  is  shown  by  submerged  stumps  of  trees  in 

*  Hitchcock's  Geology  of  Massachusetts,  1841 ;  Lyell's  Travels  in  North  Amer- 
ica in  1841-2,  vol.  i,  pp.'  203-6. 

f  The  fossils  in  South  Marshfield  and  Duxbury,  Mass.,  which  I  one©  referred  to 
the  Pleistocene  (Am.  Naturalist,  vol.  xiii,  p  557),  extend  back  to  the  Miocene  in 
the  Southern  States,  and  seem  more  probably  to  be  of  similar  age  with  the  beds 
of  Gay  Head  (Hitchcock's  Geologv  of  Mass.,  1833,  pp.  199-201;  do,  1841,  pp. 
91.  427). 

X  This  Journal,  III,  vol.  xiii,  1877,  pp.  142-146,  and  215;  vol  xviii,  1879,  pp. 
89,  and  198-205.     Am.  Naturalist,  vol.  xiii,  1879,  p.  553. 

§  Evidenced  by  layers  of  shells  of  the  common  or  long  clam,  mussel,  oyster, 
and  other  species  at  Lcchmere  Point  iu  Cambridge  (Outlines  of  the  Mineral(^ 
and  Geology  of  Boston,  before  cited,  p.  96),  and  by  fossils  discovered  by  Profes- 
sor Shaler  at  Gloucester,  Mass.  (Proceedings  B.  S.  N.  H.,  vol.  xi,  1868,  pp. 
27-30).  In  the  same  notice  with  the  former  of  these  localities,  the  authors  men- 
tion a  stratum  of  clam  shells,  observed  on  the  side  of  a  hill  in  Cambridge  at  the 
distance  of  a  half  mile  from  the  Charles  river,  which  seems  from  its  description 
to  be  probably  an  aboriginal  kitchen-midden. 

I  Geology  of  New  Hampshire,  vol.  iii,  pp.  165-7. 
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nany  localities,  rooted  in  the  ground  where  they  grew,  and  by 
;ract8  of  marsh  and  peatnswampB  covered  by  the  sea.*  During 
^art  of  the  time  of  lower  level  of  the  sea,  its  temperature  waa 
ipparently  warmer,  as  indicated  by  the  range  of  Venvs  mer- 
jenaria  with  other  southern  species  northward  to  the  Gulf  of 
3t.  Lawrence,  though  now  it  is  wanting  along  most  of  the 
jhore  of  Maine,  the  JBay  of  Fundy,  and  S^ova  Scotia. 

Proceeding  from  Boston  toward  the  north  and  northwest, 
:he  elevation  of  fossiliferous  marine  beds  lying  on  the  glacial 
irift  increases  to  about  225  feet  in  Maine,  about  620  feet  in 
:he  St.  Lawrence  valley  at  Montreal,  and  440  feet  at  a  dis- 
!;ance  of  130  miles  west-southwest  of  Montreal ;  but  eastward 
ilong  the  St.  Lawrence  it  decreases  to  375  feet  opposite  the 
Saguenay,  and  does  not  exceed  200  feet  in  the  basin  of  the  Bay 
>f  Chaleurs,  while  these  marine  deposits  are  wanting  in  Nova 
Scotia  and  Cape  Breton  island,  f  The  changed  condition  in 
the  relative  heights  of  land  and  sea  at  the  time  of  the  recession 
3f  the  ice-sheet  thus  caused  the  land  to  be  submerged  in  in- 
creasing amount  northwestward  from  a  line  drawn  through 
Nova  Scotia,  Boston,  and  New  York.  This  condition,  due 
probably  in  part  to  depression  of  the  land  and  in  part  to  up- 
lifting of  the  sea  level  by  gravitation,  seems  to  nave  been 
caused  by  the  ice  sheet,  which  had  its  greatest  thickness,  esti- 
mated by  Dana  to  be  not  less  than  two  miles,  on  the  highlands 
between  the  St.  Lawrence  and  Hudson  bay,  where  its  influ- 
Bnce  to  produce  such  changes  of  level  would  be  greatest.  The 
submergence  seems  to  have  been  more  than  can  be  wholly  at- 
tributed to  gravitation  of  the  sea  toward  the  ice-sheet ; J  but  it 
is  much  less  than  would  be  expected  for  agreement  with  the 
eiews  advanced  by  Jamieson§  and  Shaler,||  that  the  ice-sheet 
must  depress  the  earth's  crust  to  a  vertical  extent  approximately 
measured  by  a  thickness  of  rock  equal  to  the  ice  in  weight. 

*  Outlines  of  the  Min.  and  Geoh  of  Boston,  p.  95 ;  Memoirs  B.  S.  N.  H.,  vol. 
,  p.  324  ;  Quart.  Journ.  Geol.  Soc.,  vol.  xvii,  1861,  pp.  381-8;  Geol.  of  N.  H., 
io\.  iii,  p.  173 ;  J.  W.  Dawson's  Acadian  Geology,  third  ^d.,  1878,  pp.  28-32,  and 
Supplement  of  do.,  pp.  13-17. 

f  A.  S.  Packard,  jr.,  in  Memoirs  B.  S.  N.  H.,  vol.  i,  pp.  231-262.  J.  .W.  Daw- 
K)n  in  Notes  on  the  Post-pliocene  Geology  of  Canada;  and  Am.  Jour.  Sci.,  Ill, 
7o\.  XXV,  1883,  pp.  200-202.  C.  H.  Hitchcock  in  Proc.,  Amer.  Assoc,  for  Adv.  of 
$ci.,  Portland,  1873,  vol.  xxii,  pp.  169-175;  Geol.  of  N.  H.,  vol.  iii,  pp.  279-282; 
md  G«ol.  Mag.,  IT,  vol.  vi,  1879,  pp.  248-250.  R.  Chalmers  in  Transactions  of 
;he  Royal  Society  of  Canada,  sec.  iv,  1886,  pp.  139-145. 

1  Sixth  Annual  Report  U.  S.  Geol.  Survey,  1886,  pp.  291-300. 

§  Quart.  Journ.  Geol.  Soc.,  vol.  ixi,  1865,  p.  178.  Geol.  Mag.,  II,  vol.  ix,  Sept. 
ind  Oct.,  1882  ;  and  III,  vol.  iv,  Aug.,  1887.  Alio,  see  Fisher's  Physics  of  the 
Earth's  Crust,  and  Geol.  Mag.,  II,  ix,  p.  626. 

I  Proceedings  B.  S.  N.  H.,  vol.  xii,  1868,  pp.  128-136;  and  xxili,  1884,  pp. 
)6-44.  Memoirs  B.  S.  N.  H.,  vol.  i,  1874,  pp.  320-340.  Am.  Jour.  Scl,  III,  vol 
ariii,  1887,  pp.  210-221.    Lowell  Lectures,  Nov.  and  Dec.,  1888. 

Am.  Jour,  Sci.— Thibd  Sbribs,  Vol.  XXXVn,  No.  221.— Mat,  1889. 
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Besides  the  testimony  of  marine  fossils,  one  further  obser- 
vation contributes  greatly  to  our  knowledge  of  the  relation  of 
land  and  sea  on  the  south  side  of  Massachusetts  bay  while  thk 
area  was  enveloped  bv  the  continential  glacier.  On  the  shore 
of  a  peninsula  in  Cohasset  Little  Harbor,  fifteen  miles  soath- 
east  of  Boston,  pot-holes  similar  to  those  of  water-faUs  on 
rivers  are  found  in  two  localities,  reaching  from  sea  level  toi 
height  of  fifteen  feet.  The  contour  of  their  vicinity  precludes 
the  possibility  of  referring  their  origin  to  any  stream  since  the 
close  of  the  glacial  period  ;  and  they  must  doubtless  be  attrib- 
uted to  the  action  ot  a  waterfall  plunging  down  hundreds  of 
feet  through  a  moulin  of  the  ice  sheet.*  To  Mr.  Bouv6,  long 
the  president  of  this  Society,  belongs  the  honor  of  first  obserr. 
ing  these  pot-holes  and  appreciating  their  significance.  It  wis 
under  his  guidance  that  my  visit  to  them  was  made  ;  and  it  is 
with  his  permission  that  I  speak  of  them  here,  previous  to  the 
detailed  description  which  hef  will  later  present  before  the 
Society.  Such  water  wearing  of  the  bed-rock  could  not  take 
place  beneath  the  sea  level,  so  that  they  prove  that  here  during 
a  part,  probablj^  the  later  part,  of  the  time  when  this  area  was 
covered  by  the  ice-sheet,  tne  land  dtood  at  least  as  high  as  now, 
not  being  depressed  under  its  vast  weight. 


Art.  XXXIX. — A  Platiniferous  Nickel  Ore  from  Canada] 
by  F.  W.  Clarke  and  Charles  Catlett. 

During  the  autumn  of  1888  we  received,  through  two  dif- 
ferent channels,  samples  of  nickel  ores  taken  from  the  mines 
of  the  Canadian  Copper  Co.  at  Sudbuiy,  Ont.  From  one 
source  we  obtained  two  masses  of  sulphides,  to  be  examined 
for  nickel  and  copper ;  from  the  other  source  carae  similar  sul- 
phides, together  with  a  series  of  soil  and  gravel-like  material 
seven  samples  in  all.  In  the  latter  case  an  examination  for 
platinum  was  requested,  and  in  five  of  the  samples  it  was 
found,  the  gravel  above  mentioned  yielding  74-85  oz.  of  met- 
als of  the  platinum  group  to  the  ton  of  2000  lbs.  At  the  out- 
set of  the  investigation  we  were  decidedly  incredulous  as  to  the 
existence  of  platinum  in  such  ores ;  but  the  discovery  of  sper 
rylite  by  Mr.  Wells  in  material  from  the  same  mines  gave  our 
work  a  wholesome  stimulus,  and  the  assays  were  careiully  car- 
ried through. 

The  sulphide  ores  submitted  to  us  from  Sudbury  were  all  of 
similar  character.  They  consisted  of  mixed  masses,  in  which 
a  gray  readily  tarnishing  substance   was   predominant,  with 

♦  Compare  Quarl.  Joum.  Geol.  See,  vol.  xxx,  1874,  pp.  760-7tl. 


Clarke  and  CaUett — Nickd  Ore  from  Canada*        373 

some  chalcopyrite,  possibly  some  pyrite,  and  a  very  little 
qaartz.  Two  samples  were  examined  in  mass  ;  one  gave  3141 
per  cent  of  nickel  with  a  little  copper,  the  other  gave  35*39 
per  cent  of  nickel  and  5*20  of  copper.  The  nickel  mineral 
itself  proved  to  be  a  sulphide  of  nickel  and  iron,  and  as  ores 
of  that  composition  are  not  common,  it  was  thought  desirable 
to  examine  tlje  substance  further. 

As  above  stated,  the  nickel  mineral  is  the  predominating 
constituent  of  the  masses  submitted  for  examination.  It  is 
steel  gray,  massive,  and  exceedingly  alterable  in  the  air,  and  its 
specific  gravity,  determined  by  pycnometer,  is  4*541.  An 
analysis  of  carefully  selected  material  gave  the  following  re- 
sults : 

Ni 41-96 

Fe 15-57 

SiO, 1-02 

Cu '  -62 

S 40-80 


99-97 


Neither  cobalt  nor  arsenic  could  be  detected. 

The  foregoing  figures  work  out  sharply  into  the  ratio 
R :  S  : :  4  :  5  ;  and  approximately  into  the  formula  Ni.FeSj.  If 
we  deduct  silica,  together  with  the  copper  reckoned  as  admixed 
chalcopyrite,  and  recalculate  the  remamder  of  the  analysis  to 
one  hundred  per  cent  we  have  the  following  figures : 

As  found.  Calc.  as  NiaFeSs. 

Ni 43-18  44-6 

Fe 15-47  14-4 

S .--   41-35  41-0 


100-00  100-0 

In  short,  the  mineral  has  the  composition  Ni^Sj,  with  about 
one-fourth  of  the  nickel  replaced  by  iron.  The  only  known 
species  with  which  this  agrees  is  Laspeyres's  polydymite,  of 
which  the  Sudbury  mineral  is  evidently  a  ferriferous  variety. 
What  relations  it  may  bear  toward  beyrichite,  pyrrhotite,  etc., 
is  as  yet  a  matter  of  considerable  uncertainty.  Probably  in 
most  cases  the  niccoliferous  constituent  of  pyrrhotite  is  mill- 
erite,  but  other  sulphides,  like  the  polydymite,  may  perhaps 
occur  also. 

The  polydymite  which  was  selected  for  the  above  analysis 
came  from  the  mass  in  which,  in  average,  35-39  Ni  and  5*20 
Cn  had  previously  been  found.  The  mass  weighed  several  kil- 
ograms, and  was  remarkably  free  from  quartz.  The  same 
mass,  with  two  smaller  pieces  resembling  it,  were  also  examined 
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for  platinum,  by  the  following  method :  One  assay  ton  of  the 
finelv  ground  ore  was  treated  with  nitric  acid  until  all  or  prac- 
tically all  of  the  sulphides  had  been  dissolved.  The  aried 
residue  was  then  assayed  in  the  usual  manner ;  except  that,  to 
facilitate  cupellation,  a  little  pure  silver  was  introouced  into 
the  lead  button.  From  the  hnal  bead  the  silver  was  dissolved 
out  by  sulphuric  acid,  leaving  the  platinum  in  a  finely  divided 
gray  powder.  The  latter  dissolved  easily  in  aqua  regia,  and 
gave  all  the  reactions  needful  to  identify  it  thoroughly.  The 
results  were  as  follows,  "A"  representing  the  large  mass  in 
which  the  polydymite  was  determmed. 

A,  2*66  oz.  Pt  to  the  ton,  or  0*0087  per  cent. 

B,  1-8  "  <*       -0060        " 

C,  7-  "  **        -024  '« 

That  the  metal  weighed  was  nearly  all  platinum  is  certain ; 
but  it  may  have  contained  small  amounts  of  other  metak  of 
the  same  group.  The  material  separated  was  not  sufficient  to 
warrant  a  search  for  the  rarer  associates  of  platinum.  Probably 
the  platinum  exists  in  the  ore  as  sperrylite,  although  this  point 
was  not  proved.  The  amount  of  platmum  in  the  mass  most 
thoroughly  examined  would  require,  to  form  sperrylite  only 
about  0  007  per  cent  of  arsenic,  which  is  too  small  a  quantity 
for  detection  by  ordinary  analysis.  That  platinum  should  exist 
in  appreciable  quantities  in  an  ore  of  such  character  is  some- 
thing quite  extraordinary.  Whether  it  could  be  profitably  ex- 
tracted is  an  open  question. 

Washington,  Feb.  2,  1889. 


Art.  XL. — StratigrajpMc  Position  of  the  OleneUus  Fauna 
in  North  America  and  Europe ;  by  Chas.  D.  Walcott, 
of  the  U.  S.  Geological  Survey.**^ 

In  reviewing  the  history  of  American  opinion  on  the  succes- 
sion of  the  Cambrian  faunas,  we  find  that  the  first  systematic 
arrangement  of  the  terranes  containing  them  was  made  by  Sir 
William  Logan,  on  the  basis  of  the  paleontological  determina- 
tions of  Mr.  E.  Billings.  In  a  table  published  on  page  46  of 
the  report  of  the  Geological  Survey  of  Newfoundland  for 
1864,  the  order  of  succession  of  the  Lower  members  of  the 
series  is : 

3.  Upper  Potsdam. 

2.  Lower  Potsdam. 

1.  St.  John's  Group. 

*  Read  before  the  Philosophical  Society  of  WashiDgtoD,  March  16,  1889. 
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In  commenting  on  the  table  the  author  (Logan)  said :  "  It 
hue  appears  that  the  lower  portion  of  the  series  is  complete  in 
"Newfoundland,  and  the  upper  in  New  York  and  Central  Canada. 
Mvisions  3,  4  and  5  have  not  yet  been  recognized  in  the  East- 
m  continental  re^on.  The  St.  John's  group,  1,  is  represented 
t  St.  John,  New  JBrunswick  by  3,000  feet  of  black  slates  and 
andstones,  whose  fauna,  described  by  Mr.  Hartt,  was  correctly 
eferred  by  him  to  £tag6  C  of  Barrande's  Primordial  zone, 
t  there  reposes  on  older  schistose  rocks,  as  yet  unstudied,  but 
>y  Messrs.  Hartt  and  Matthew  designated  as  Cambrian. 

"The  slates  of  St.  John,  New  Brunswick,  Newfoundland, 
nd  the  Paradoxides  beds  of  Brain  tree,  Massachusetts,  also 
>robably  belong  to  the  same  horizon. 

"  The  Lower  Potsdam,  2,  is  represented  by  several  hundred 
eet  of  limestones  and  sandstones  on  the  Straits  of  Belle  Isle, 
ind  on  White  Bay,  Newfoundland,  and  by  the  slates  of  St. 
ilbans  and  Georgia,  Vermont. 

"The  Upper  Potsdam,  3,  is  that  of  Wisconsin  and  Min- 
lesota,  represented  in  the  typical  Potsdam  of  New  York, 
winch  is  overlaid  by  the  Lower  Calciferous,  4,  while  the  Upper 
Jalciferous,  5,  is  only  recognized  in  the  Northern  peninsula  of 
N^ewfoundland."* 

This  order  of  succession  was  accepted  and  adopted  by  Amer- 
can  geologists  while  no  stratigraphic  evidence  appeared  that 
legatived  it.  It  was  not  questioned  until  the  work  of  the 
Swedish  geologists  showed  that  Olenellua  Kjervlji  occurred 
)eneath  the  Paradoxides  zone  in  Sweden ;  then  it  became 
probable  that  the  American  Olenellus  fauna  was  of  a  similar 
ige  and  hence  older  than  the  Paradoxides  fauna. 

Mr.  S.  W.  Ford  adopted  the  classification  of  Billings  and 
Logan,  and  argued  from  the  embryonic  phases  of  growth  of 
Olenellus  dsaphoides  that  the  species  showed  a  genetic  relation 
X)  Paradoxides  and  succeeded  it  in  time — a  view  in  which  I 
soncurred  at  a  later   datcf    Mr.  Ford  held   that    Olenellus 

Kjervlji  was  a  true  Paradoxides,  allied  to  P,  OlandicusX  and, 
)n  the  report  of  Mr.  MatthewS  that  he  had  found  the  species 
n  America,  decided  that  it,  O.  Kjervlji^  belonged  to  the  Me- 
levian  fauna. 

Mr.  G.  F.  Matthew  has  studied  the  Paradoxides  fauna  of 
&jnerica  with  more  thoroughness  than  any  other  paleontologist 
md  he  has  concluded  from  the  paleontological  evidence  that  it 
>receded  the  Olenellus  fauna.  |f    In  the  mtroduction  of   the 

♦  Bull.  U.  S.  Greol.  Survey,  No.  30,  p.  64,  par.  141. 
Bull.  U.  S.  Geol.  Survey,  No.  30,  1886,  p.  166. 
This  Journal,  111,  vol.  xxiii,  1886,  pp.  473-476. 
This  Journal,  III,  vol.  xxxi,  1886,  p.  472. 
Canadian  Rec»rd  Sci.,  vol  iii,  1888,  pp.  71-81. 
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Second  Contribution  to  the  Studies  on  the  Cambrian  faunas  of 
North  America,*  there  was  given  a  description  of  the  typical 
geologic  sections  of  the  Cambrian  System,  and  the  order  of 
succession  of  the  faunas  contained  \\\  their  strata  as  then  known. 
A  diagram't  was  introduced  to  show  the  correlation  of  the  sec- 
tions and  the  order  of  successions  of  the  three  sub-faunas  into 
which  the  Cambrian  fauna  was  divided.  The  first  and  oldest 
was  the  Lower  Cambrian  or  Paradoxides  fauna ;  the  second, 
the  Middle  Cambrian  or  Olenellus  fauna,  and  the  third,  the 
Upper  Cambrian  or  Dicellocephalus  fauna.  Each  fauna  was 
designated  by  the  most  characteristic  genus  of  trilobite  con- 
tained in  it.  It  was  statedlf  that  "the  conditions  that  de- 
veloped the  Middle  Cambrian  (or  Olenellus)  fauna  appeared  to 
have  been  largely  peculiar  to  the  American  Continent ;"  also 
that  (119)  "  there  does  not  appear  to  be  an  equivalent  fauna  in 
the  Cambrian  System  of  Europe,  either  in  Bohemia,  the  Scan- 
dinavian area,  or  in  Wales.  The  nearest  approach  to  it  is  on 
the  Island  of  Sardinia." 

At  the  time  the  introduction  was  written  (1885)  there  was 
no  satisfactory  evidence  that  "  Paradoxides  Kjervlfi^^  of  the 
lowest  Cambrian  strata  of  Sweden,  was  not  a  true  Paradoxides; 
nor  that  it  was  an  Olenellus,  similar  in  type  to  Oletiell^ts  am- 
phoide^  of  the  American  "  Middle  Cambrian."  Brogger's  ex- 
cellent paper  on  the  Age  of  the  Olenellus  Zone  in  North 
Americiig  had  not  appeared ;  nor  had  the  beautiful  memoir  of 
Hohn's  on  OUnelhis  Kjerulji\  The  latter  proved  conclusively 
that  the  genus  occui's  in  the  lowest  fossiliferous  bed  of  Sweden, 
beneath  the  horizon  of  the  genus  Paradoxides.  Still  more  re- 
cently F.  Schmidt  has  published  an  account  of  the  finding  of 
Olenellus  in  Estoria,  in  the  Cambrian  blue  clay,  and  he  states 
that  he  must  concur  with  Brogger  in  his  view  that  the  Olenellus 
fauna  is  beneath,  and  older  than,  the  Paradoxides  fauha.*[ 

From  the  evidence  given  by  Brogger,  Holm  and  Schmidt, 
there  appeared  to  be  no  doubt  that  the  Olenellus  zone  in  Eu 
rope  was  beneath  the  Paradoxides  zone.  In  America  .it  had 
been  regarded  by  Billings,  Logan,  Ford,  Matthew,  Walcott, 
and  Winchell**  as  above  the  Paradoxides  and  subjacent  to  the 
Dicellocephalus  zone.  Brogger  analyzed  the  evidence  upon 
which  this  view  was  based  and  concluded  that,  in  the  face  of 
the  direct  stratigraphic  proof  of  the  position  of  the  Olenellus 

*  Bull.  U.  S.  Geol.  Survey,  No.  30,  1886.  \  Loc.  cit.,  p.  44. 

t  Lo2.  cit.,  p.  57,  par.  120. 

§  Aftryck  ur  Geol.  Foren  Stockholm,  Forhandl,  vol.  viii,  Haft.  3,  1886. 
11  Ibid.,  vol.  ix,  Haft.  7.  1887. 

^  Mem.  Acad.  Imp.  Sci.  St.  Petersburg,  VII,  vol.  xxxvi,  No.  2.  tjber  eine 
Neuentdeckte  Untercambrische  Fauna  in  Kstland,  1888,  pp.  1-27,  pi,  i-iL 

**  As  reporter  of  American  opinion,  Cong.  Geol  International  4  me.  Session 
Londres;  Res.  Rep.  Sous.  Com.  Americans,  1888,  p.  9. 
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me  in  Sweden,  the  American  geologists  and  paleontologists 
id  mistaken  the  order  of  succession. 

It  was  stated  in  1886*  that  the  only  locality  known  in  Amer- 
a  where  the  two  faunas  (Paradoxides  and  Olenellus)  occur  in 
le  same  geographic  area  is  about  Conception  Bay,  Newfound- 
nd.  The  evidence  given  by  Logan  of  the  order  of  succession 
as  unsatisfactory,  but  it  was  all  that  was  available  and  I  con- 
nued  to  use  the  scheme  given  by  him  in  1865.  Even  after 
jading  Brogger's  paper  I  did  not  feel  warranted  in  changing  the 
tble  without  stronger  evidence  than  that  there  given.  Oompar- 
ig  the  two  faunas  zoologically,  it  appeared  to  me  that  in  time 
le  Olenellus  fauna  should  follow  tne  Paradoxides  fauna.  In 
[ay,  1888,t  I  reprinted  Logan's  scheme,  stating  that  the  table 
as  tentative  and  expressive  of  my  present  knowledge  and 
pinion,  requesting  that  all  who  use  it  should  decide  individ- 
Edly  upon  the  value  of  its  correlations. 

Such  was  the  condition  of  our  knowledge  in  the  spring  of 
888,  when  I  began  an  investigation  to  determine,  if  possible, 
le  actual  stratigraphic  succession  of  the  Cambrian  faunas  of 
Forth  America.  I  first  re-examined  the  section  of  Cambrian 
rata  in  Eastern  New  York,  as  some  evidence  was  known  to  me 
lere  of  the  presence  of  the  Paradoxides  fauna.  One  of  the 
jsults  of  this  study  was  the  discovery  of  entire  specimens  of 
^ienell%i8  asaphmdes  that  showed  it  to  be  genericaily  identical 
ith  Olenellus  Kjerulfi  of  Sweden,  and  OleneUus  Mickwiizi 
f  the  East  Baltic  region  of  Russia,  as  described  by  Schmidt. 
.Iso  that  the  genus  Mesonacis,  based  on  OleneUtcs  Vervionta/nay 
icluded  OleneUiis  asphoides^  O,  Kjemdfi^  and  O.  Mickwiizi^ 
I  having  a  similar  type  of  pygidium.  Knowing  that  O,  {Meson- 
ois)  Vermontana  was  associated  in  the  same  stratum  of  rock 
ith  O.  Thoinpsoni^  and  that  the  same  type  occurred  beneath 
le  Paradoxides  zone  in  Sweden,  Norway  and  Russia,  I  fully 
elieved  that  the  stratigraphic  position  of  the  faunas  would 
B  found  to  be  the  same  in  America  as  in  Europe.  I  also 
)und  at  the  base  of  the  great  Berlin  sandstone  in  Rens- 
jlaer  County,  N.  Y.,  several  species  of  fossils  that  appear  to 
e  more  closely  allied  to  the  species  occurring  in  tne  Para- 
oxides  fauna  than  to  any  known  elsewhere  in  the  Olenellus 
luna,  notably,  Linnarssoma  Taconica^  Agnostics  desideratus, 

sp.,  Agnostus  like  A.  pisifoi^nis^  Mnyi^odiscus  connexxis  and 
acanthoides  Eatoni^  n.  sp.  These  species  occur  in  the  upper 
^rtion  of  the  shales  that  in  their  middle  and  lower  parts  con- 
in  only  the  Olenellus  fauna 

♦  Bull.  U.  S.  Geol.  Survey,  No.  30,   1886,  pp.  49-50,  par.  97.     Distributed  in 

.nuary,  1887. 

f  This  Journal,  III,  vol.  xxxv,  1888,  p.  399. 
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I  next  proceeded  to  Newfoundland,  where  there  appeared  to 
be  a  prospect  of  settling  the  question  for  America,  by  discov- 
ering the  two  faunas  in  the  same  stratigraphic  section. 

Tne  first  section  examined  was  that  beneath  Topsail  Head, 
Conception  Bay.  It  was  found  to  be  as  described  by  Mr. 
Alexander  Murray.*  The  limestone  at  the  base  is  separated 
from  the  "Huronian"  rocks  by  a  fault  line.  Over  the  lime- 
stone a  hundred  feet  or  more  of  greenish  shale  completes  the 
section. 

In  the  limestone  I  found  OholeUa  AUanttca^  Kutorgina 
Labradorica^  Scenella  reticulata  Billings,  HyoHtheUus  micans 
Billings,  Hyolithellus  nitcanSy  var.  rugosa,  UyolitheB  princep% 
Billings,  H,  impar  Ford,  Microdiacus  speciostcs  Ford,  Micro- 
discus^  sp.  undet.,  OleneUus  Broggeri^  n.  sp.,  Avalonia  Man- 
uelensis^  n.  gen.,  n.  sp.,  Solenopleura  homhifrons  Matthew, 
Agraulos  {S.)  strenuics  Billings,  Agravlos  (/SI),  n.  sp. 

In  the  superjacent  green  shales  a  few  fragments  of  a  trilobite 
were  observed  that  indicated,  by  a  portion  of  the  glabella  and 
eyelobe,  a  large  species  of  Paradoxides.  The  evidence  here 
obtained  being  somewhat  inconclusive,  the  section  at  Brigos 
Head,  on  the  west  side  of  Conception  Bay,  was  next  examined 
and  found  to  be  essentially  the  same  as  that  at  Topsail  Head, 
with  the  addition  of  a  greater  thickness  of  green  and  red  shales 
above  the  limestone,  and  a  sandy  deposit  beneath  the  limestone 
which  rested  unconforuiably  against  the  "Huronian."  The 
limestone  series  is  divided  into  three  bands.  In  the  lowest, 
a  specimen  of  Hyoliihes  impar  was  found  similar  to  that  in  the 
limestone   at   Topsail  Heaa,   associated  with   fragments  of  a 

species  of  Olenellus  (O.  Broggeri)^  Microdiscus  and 

Ptychoparia  {?) .  In  the  second  bed  of  limestone  frag- 
ments of  trilobites  were  seen  ;  and  in  the  upper  bed  OleneUus 
Broggeri  and  Agraulos  strenuus^  were  observed,  the  latter  in 
great  abundance.  No  fossils  were  discovered  in  the  superja- 
cent slates. 

There  remained  but  one  section,  known  to  me,  where  the 
Cambrian  rocks  rested  on  the  ^'  Huronian "  gneiss  and  the 
stratigraphic  succession  of  the  beds  continued  unbroken  up  to 
the  unquestioned  Paradoxides  horizon.  This  was  on  Manuel's 
Brook,  oneand-a-half  miles  west  of  Topsail  Head.  A  coarse 
conglomerate  rests  directly  and  unconformably  upon  a  syenitic 
gneiss.  Along  the  line  of  the  brook  the  conglomerate  is  con- 
formably subjacent  to  a  belt  of  greenish  shale  which  is  suc- 
ceeded by  a  band  of  red  shale  subjacent  to  a  thin  stratum  of 
limestone,  which  is  followed  by  greenish  shales,  and  these  in 
turn  by  black  shales  carrying  an  abundant  Paradoxides  fauna. 
This  section  being  conformable,  a  careful  search  was  made  for 

*  Kept.  Geol.  Survey,  Newfoundland,  1868,  Reprint  of  1881,  p.  164. 
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dls  in  the  beds  just  above  the  conglomerate.  They  were 
t  found  about  1,500  feet  north  of  the  brook,  in  a  railway 
,  in  some  irregular  masses  of  impure  arenaceous  limestone 
;ing  on  the  conglomerate,  and  subsequently  in  red  and  green 
les  resting  on  the  conglomerate.  In  the  reddish  argillaceous 
le  a  large  fine  species  of  Olenellus  was  found  that  may  be 
3rred  to  the  suo-genus  Mesonacis.  It  is  allied  to  O,  {M) 
phoides,  and  I  propose  to  call  it  OleneUua  {Mesonacis) 
oggeri.* 

i^ssociated  with  O.  (M.)  Brogaeri^  in  the  red  and  green 
les  and  in  an  impure  siliceous  limestone,  are  the  following 
cies :  OboleUa  AUantica^  n.  sp.,  JByolitheUus micansBiWmgs, 
olithMus  /,  n.  sp.,  Hyolithes  princeps  Billings,  H.  impar 
•d,  H,  quadricostai/as  S.  and  Foerste,  and  one  new  species  of 
olithes^  Gasteropoda  n.  gen.,  n.  sp.,  SeeneUa  reticvlatamXlmgA^ 
notheca  rugosa^  var.  acuta-costa^  n.  var.,  Stenotheca  ruaosa^ 
.,  erecta^  n.  var.,  Stenotheca  ruaosa^  var.  letiis.^  n.  var.,  Steno- 
ja  rugosa^  var.  paupera  Billings,  Platyceras  prinuBimm 
lings,  Microdiscus  Helena^  n.  sp^,  M,  spedosus  Ford,  Micro- 
ous  sp.  ?,  OleneUits  Broggeri  Walcott,  Avalonia  Manuel- 
is,  n.  gen.,  n.  sp.,  Ptychoparia  Morrisi^  n.  sp.,  Agraulos  (5.) 
?n?^?^^  Billings,  Agraulos  (/&)  strenuusy  var.  nasutus,  n.  var., 
ra^doSj  n.  sp.,  Solenopleura  hombifrons  Matthew,  Soleno- 
lira,  n.  sp. 

i^his  fauna  is  essentially  the  same  as  that  of  the  limestones 
the  Topsail  Head  and  Brigus  sections,  and  proves  conclu- 
}ly  that  the  Olenellus  fauna  is  subjacent  to  the  Paradoxides 
na. 

iv,  Murray  in  his  report  for  1868,  placed  on  lithologic  evi- 
ice  the  Topsail  Head  limestone  above  the  conglomerate  of 
Quel's  Brook,  and  the  limestone  of  Brigus  Head  beneath  the 
glomerate,  in  the  generalized  section  published  in  the  report 

1870.t 

ilr.  Matthew,  in  studying  the  collections  sent  to  him  by  the 
^logical  Survey  of  Newfoundland,  placed  the  fossils  of  the 
:)sail  Head  and  Brigus  limestones  beneath  the  Paradoxides 
izon  on  Manuel's  Brook, J  thus  following  the  stratigraphic 
mgement  of  Mr.  Murrav.  Subsequently  he  changed  his 
«V8  and  placed  the  Topsail  Head  ana  Brigus  faunas  in  the 
•adoxides  zone  of  the  Manuel's  Brook  section.§ 
?he  stratigraphic  section  on  Manuel's  Brook,  as  measured 
me  in  August,  1888,  is  as  follows : 

rhe  specific  name  is  given  in  recognition  of  the  excellent  work  of  Brogger  on 
Cambrian  faunas  of  Sweden,  and  of  the  work  of  the  Swedish  geologists  in 
clearly  proving  the  true  order  of  succession  of  the  Cambrian  faunas  in  Europe, 
suggesting  that  the  same  order  of  succession  probably  prevailed  in  America. 
Report  Geol.  Survey,  Newfoundland,  1870,  Reprint  of'lSSl,  p.  238. 
Canadian  Record  Sci.,  vol.  ii,  IbSfi,  p.  256, 
Canadian  Record  Sci.,  vol.  iii,  1888,  p.  74. 
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ManuePs  Brook  Section, 

1.  Coarse  conglomerate,  in  massive  layers.  The  material 
next  to  the  gneiss  varies  in  size,  from  bowlders  of  quartz 
and  gneiss  six  feet  in  diameter,  down  to  small  pebbles, 
and  in  the  upper  beds  from  pebbles  to  fine  sand. 35 

Strike,  N.  80°  E.  (Magnetic) ;  Dip.  12*  to  IS**  N. 

2.  Irregular  beds  of  calcareous  sandstone,  siliceous  limestone 
and  greenish-colored  argillaceous  shale,  covering  the  irreg- 
ular upper  surface  of  the  conglomerate 0-il 

Fossils: — OboleUa  Atlantica,  JEfyolithellue  niicana  Bill- 
ings, HyolitheMusf^  n.  sp.,  Hyolithes  princepe  Billings, 
Jayolithes  impar  Ford,  Hyolithes  quadricosCattiSj  S.  and  F. 
and  two  undescribed  species,  Gasteropoda  n.  gen.,  n.  sp., 
Scenella  reticulata  Billings,  Stenotheca  rugosa,  var.  aciUa- 
costay  n.  var.,  Steiiotheca  rugosa^  var.  erecta,  n.  var.,  Steno- 
theca rugosa^  var.  loBvis^  n.  var.,  Stenotheca  nigosa^  var. 
paupera  Billings,  Platyceras  primcevum  Billings,  Micro- 
discus  Helena,  n.  sp.,  Microdiscus  speciosus  Ford,  Micro- 
discuSy  sp.  ?,  OleneUus  Broggeri  Walcott,  Avalonia  Man- 
uele7\sis^  n.  gen.,  n.  sp.,  Ptychoparia  Morrisij  n.  sp.,  Agrau- 
los  (S.)  strenuus  Billings,  Agraulos  {S.)  strenuuSy  var. 
nasutus,  n,  var.,  Solenopleura  bombifrons  Matthew,  Solen- 
opleura,  n.  sp. 

3.  Greenish  argillaceous  shale,  conformably  subjacent  to  2..    4 

4.  Reddish-colored  argillaceous  shale 

5.  Calcareous  sandstone,  with  pinkish  limestone  in  irregular 
masses 

6.  Green  argillaceous  shale  with  thin  layers  of  hard,  dark, 
ferruginous  sandstone,  interbedded  at  several  horizons 2< 

Strike,  N.  80°  E. ;  Dip.  12°  N. 

Fossils  : — Near  tlie  base  the  head  of  an  OleneUus  was 
found,  also  fragments  of  an  Agraulos  or  Ptychoparia.  At 
218  feet  from  the  base  a  layer  of  pinkish  limestone  con- 
tained the  head  of  an  Agraulos,  like  A.  strenuus^  and 
many  fragments  of  trilobites.  Fifty-two  feet  higher  up 
quite  an  abundant  fauna  was  found,  and  the  following 
species  were  collected  :  Lingulella  sp.  a,  Acrothele  Mat- 
thewi  Hartt  (sp.),  Agjiostus  sp.  a,  Agnostics  sp.  d,  Par- 
adoxides  Ilicksi  Salter,  Conocoryphe  Matthewi  xiartt  (sp.), 
Liostracus  sp.  a. 

7.  Dark  argillaceous  shales  with  thin  layers  of  limestone  and 
sandstone,  at  various  horizons 29 

Fossils: — Zone  a.  From  10  to  20  feet  feet  from  the  base 
the  following  species  were  collected:  Lingulella  sp.  a, 
Linnarsso7iia  misera  Billings,  Acrothele  Matthewi  Hartt 
(sp.),  Hyolithes  sp,  a.  Agnostics,  3  sp.,  a,  b,  c,  Microdiscus 
punctatus  Salter,  Paradoxides  Ilicksi,  Conocoryphe  {C) 
Matthewi  Hartt  (8p.)>  Conocoryphe  elegans  Hartt  (sp.), 
Agraulos  socialis  killings,  Liostracus  tener  Hartt  (sp.). 
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Zone  h, — Forty-five  feet  higher  op  the  fauna  is  mach 
larger  and  includes  :  Idnnarasonia  misera  Billings  (sp.), 
Lingulella  sp.  a,  Orthis  sp.  ?,  Stenotheca  sp.  ?,  Agnostus 
punctuosus  Angeliny  Agnostus,  6  sp.,  b,  e,  J\  g.  A,  Micro- 
discus  punctatus  Salter,  Paradoxides  Davidis  Salter,  Par- 
adoxides  Hicksi  Salter,  Paradoxides  sp.  ?,  Anopolerius 
venustus  Billings,  Conocoryphe  elegans^  Ctenocephahis  Mat- 
thewi  Hartt  (sp.),  Erinnys  venulosa  Salter,  Ptychoparia 
Robbi  Hartt,  P.  variolaris  Salter,  Holocephalina  inflata 
Hicks,  Agraulos  socialis  Billings. 

From  235  to  250  feet  from  the  base  a  belt  occurs  in 
which  a  small  species  of  Aristozoa  occurs  in  large  num- 
bers, associated  with  Lingulella  sp.  a,  Agnostus  sp.  ?  and 
the  heads  of  a  small  Ptychopa/ria  /,  sp.  undet. 

8.  Alternating  bands  of  dark  shale  and  dark,  compact  sand- 
stone that  carry  a  small  species  of  Orthis  in  large  numbers,  400 

The  section  is  here  cut  oflf  by  the  shore  of  Conception  Bay.* 

On  the  islands  in  the  bay  the  Upper  Cambrian  horizon  is 
well  developed.  In  the  lower  arenaceous  shales  at  Lance  Cove, 
on  Great  Bell  Island,  I  found  Eophyton  sp.  ?,  Cruziana  semi- 
plicata  Billings,  Arthraria  antiguata  Billings,  Olenus  sp. 
undet.  and,  at  a  higher  horizon,  near  the  center  of  the  island, 
Lingvlepis  affims  Billings,  and  Lingula  ?  Murrayi  ^iWmgA^ 
with  fragments  of  Cruziana.  In  the  sandstone  at  the  summit 
of  Little  Belle  Island,  twenty  feet  above  a  band  of  sandstone 
carrying  Lingula  f  Billinasiana  Whiteaves  and  an  elongate, 
narrow  species  of  Lingulella,  a  long  slender  Hyolithes  ?  and  a 
broad  species  of  Hyonthes  occur.  In  the  dark  argillaceous 
shales  beneath,  Z.  f  Billingsiana  occurs  in  great  numbers. 

The  conglomerate  (No.  1,  of  the  section)  was  traced,  just 
north  of  the  outcrop  of  the  gneiss,  for  a  mile  to  the  west  of 
Manuel's  Brook  and  the  shales  ajnd  limestone  of  2  were  seen  in 
a  number  of  sections,  resting  directly  upon  it.  On  the  brook 
the  stratigraphic  succession  is  unbroken  up  to  the  summit  of  8, 
and  the  strata  are  conformable  and  undisturbed  with  the  ex- 
ception of  the  dip  of  12®  to  the  north. 

The  Manuel's  Brook  section  is  the  only  one  known  to  me  on 
the  Xorth  American  Continent  where  the  typical  Olenellus  and 
Paradoxides  faunas  occur  in  an  unbroken  stratigraphic  section. 
The  Olenellus  fauna  is  well  developed  and  typical,  and  the 
same  \&  true  of  the  Paradoxides  fauna.t 

*  I  hope  to  prepare  a  paper  on  the  Paradoxides  zoue  of  the  Camhriao.  and  will 
then  g^Te  the  distribation  of  the  fauna  in  the  Manuel's  Brook  sectioii  more  in  de- 
tail, and  add  descriptive  notes  on  the  genera  and  species. 

f  In  Newfoundland  my  work  was  made  much  easier  bj  the  assistance  giren  bj 
Key.  M.  Harrej,  of  St.  Johns,  Father  Morris,  of  VilU  Xora  Orphanage,  and  a 


382      V,  D,  Walcott — Position  of  the  Olenellus  Fauna. 

The  relative  position  of  the  Middle  and  Lower  Cambrian 
faunas  is  now  changed  in  the  American  scheme  of  classifica- 
tion;* the  Paradoxides  zone  being  removed  to  the  Middle, 
and  the  Olenellus  zone  to  the  Lower  division.  The  three  divi- 
sions— Lower,  Middle,  and  Upper— are  useful  in  classification, 
as  they  indicate  both  physical  and  faunal  changes  during  the 
deposition  of  the  sediments  forming  the  American,  Swedish, 
and  English  sections.  In  the  Appalachian  and  Rocky  Mountain 
areas  of  the  United  States,  the  genus  Paradoxides  is  unknown, 
and  most  of  the  typical  fossils  of  the  zone  are  unrepresented ; 
but  in  the  great  Cambrian  section  of  Eastern  New  x  ork  it  is 
indicated  by  Agnostus  desideratus^  n.  sp.,  Agnoal/us  of  the 
type  of  A.  piaiformis^  Microdiscics  coiinexus^  Linnarssonia 
Taconica  and  Zacanthoid^s  Eaioni.  The  third  and  fourth 
species  may  prove  to  be  identical  with  Mi<yrodiscu8  pun<;tatus 
and  Linnarasonia  sagittariv^  from  the  Paradoxides  zone  of 
Newfoundland.  In  Nevada  a  peculiar  fauna  that  is  recognized 
by  the  trilobitic  genera  Olenoides,  Zacanthoides  and  Asaphicus, 
occurs  midwav  between  the  Olenellus  and  Dicellocephalus  or 
Upper  Cambrian  faunas.  Brogger  has  noted  that  the  genus 
Agnostus  is  first  characteristic  oi  the  Paradoxides  zone,  and  by 
it  he  has  correlated  certain  horizons  in  Nevada  witn  those  of 
Sweden.  This  will  undoubtedly  hold  good  in  many  instances, 
and  be  of  value  when  taken  in  connection  with  other  genera.t 

The  following  table  exhibits  the  order  of  stratigraphic  suc- 
cession of  the  three  subdivisions  and  sub-faunas  of  the  Cam- 
brian System  as  known  in  America  to-day. 

As  previously  stated  the  three  divisions  of  Lowel*,  Middle  and 
Upper  Cambrian  are  recognized  in  America  and  Europe.  The 
names  of  the  subdivisions  of  these  three  primary  divisions  of 
the  period  in  America  are  the  names  of  the  typical  terranes 
that  are  respectively  included  in  each  of  the  primary  divisions. 
Thus  under  the  term  Prospect,  of  the  Lower  Cambrian,  are 
included  the  strata  of  the  Olenellus  zone  in  Nevada,  Utah,  and 
the  Rocky  Mountain  region  north  into  British  America.  The 
typical  section  is  that  crossing  Prospect  Mountain  in  the  Eureka 
district,  Nevada.  In  this  section  the  sedimentation  and  fauna 
are  essentially  the  same  as  in  the  Rocky  Mountain  area. 

letter  telling  of  localities  from  Mr.  J.  P.  Howley.  The  geological  map  of  the 
Avalon  Peuinaula,  by  Mr.  Howley,  was  of  groat  service.  In  the  six  weeks' 
search  for  the  Olenellus  fauna  about  Conception  Bay,  Mrs.  Walcott  was  my  con- 
stant companion  and  efficient  assistant,  and  shared  with  me  the  pleasure  given  bj 
the  finding  of  the  fauna  on  Manners  Br(K>k. 

♦In  all  my  previous  papers  with  the  exception  of  the  note  in  "Nature,"  Octo- 
ber, 1888,  the  term  Middle  Cambrian  is  to  be  changed  to  Lower  Cambrian  aod 
Lower  Cambrian  to  Middle  Cambrian. 

f  Om  alderen  af  Olenelluszonen ;  Nordamerika.  Aftryck  ur  G^eol.  Forenin* 
gens;  Stockholm  Forhandl.,  No.  101,  vol.  viii,  H.  3,  1886. 


C.  D.  Waleott — Pmition  oftka  OUnellm  Fanma. 

8ILTJBIAN  (OBDOVICIAN). 


a 

1 

i 

Lower  portion  of  the  CalciFeroua  aandrock  of 
KmeBtone  of  Wisconsic,  MisBouri,  elc. 

PoUdsm  

iwnain,  TeiQS,  Wjombe;  Gailstin  limestone 

ebulcs  or  Georgia  and  Alabama;  the  Alabama 
BectioB  may  Pitend  down  into  the  Middle  Cam- 

5S 

3 

is 

3L  John,  New  Brunawick  and  the  Avalon 
of  the  New  Totk  aod  NoTada  Cambrian  sec 

i 

s 

Georgia  shalel  and  "Gmnular  Quartu  "  of  Ver- 

Terra  Sova 

Prospect 

northwest  cosat   and   Peninsula  ol    ATalon, 

tlon  of  Eureka  and  Highland  Range,  Nevada; 
Opper  arenaoeouB  shalei  of  Big  Cotloowood 
GaQoo,  Cambrian  section  of  Utah. 

ALQONKIAN. 

The  topmost  division,  Lower  Calciferoua,  includes  the  passage 
beds  between  the  Cambrian  and  subjacent  Lower  Silurian  (or 
Ordovician)  systemB.  In  northeastern  New  York  the  line 
between  the  two  systems  is  very  distinct,  but  in  central  New 
York  and  Nevada  there  is  no  stratigraphic  break  between  them. 
Passage  beds  must  necessarily  exist  in  some  localities ;  in  the 
table  these  are  recognized  by  the  Lower  Calciferoua,  as  in 
Wisconsin  that  horizon  contains  a  fauna  more  intimately 
related  to  the  Cambrian  than  to  the  superjacent  second  fauna. 

The  names  Potsdam,  Acadian  and  Georgian  might  be  used 
in  the  second  column  to  replace  Upper,  Lower  and  Middle 
Cambrian.  The  objection,  for  instance,  that  the  typical  Aca- 
dian fauna  is  not  present  in  the  great  Hocky  monntain  area, 
and  that  there  is  a  Middle  Cambrian  zone  which  is  recognized 
there,  leads  me  to  drop  the  denotive  names  in  the  second 
column  and  use  the  more  universally  applicable  terms  Upper, 
Middle  and  Lower  Cambrian. 


884      CI  D.  Wcdcott — Position  of  the  OleneUtiS  Fauna. 

Stratigraphic  Poaitioji  ofth/t  OleneUus  Zone. 

Determined  by  our  present  information  the  OleneUus  fauna 
is  at  the  base  of  the  Cambrian.  Beneath  the  OleneUus  zone 
the  strata  are  to  be  referred  to  some  of  the  pre-Cambrian  groups. 

As  already  mentioned  the  OleneUus  zone  of  the  Atlantic 
basin  occurs  in  sediments  resting  on  the  Archean  and  close  to 
the  base  of  the  strata  referred  to  the  Paleozoic  group.  In 
Vermont  the  Winooski  marble  series  shows  over  seven  hundred 
feet  of  limestone  beneath  the  OleneUus  zone  that  have  not  as 
yet  yielded  any  characteristic  fossils.*  Murray  and  Howley 
state  that  in  Newfoundland  several  thousand  feet  of  sandstone 
occur,  on  the  shores  of  Trinity  Bay  and  vicinity,  beneath  the 
horizon  of  the  Manuel's  Brook  conglomerate.  They  do  not 
report  fossils,  which  leaves  in  doubt  the  horizon  to  which  tins 
sandstone  series  should  be  referred. 

The  great  series  of  siliceous  rocks  of  the  Wasatch  section, 
Utah,t  show  11,000  feet  of  strata  conformably  subjacent  to  the 
OleneUus  zone ;  and  all  through  the  uplifts  of  Cambrian  rocks 
in  Utah  and  Nevada  a  considerable  thickness  of  strata  is  known 
to  occur  in  a  similar  position. 

In  western  Nevada  the  sandstone  and  siliceous  shales  of  the 
Wasatch  and  similar  sections  are  represented  by  more  or  lees 
calcareous  strata,  and  it  is  there  that  we  may  hope  to  find  a 
pre-Olenellus  fauna. 

At  present  I  draw  the  basal  line  of  the  Cambrian  in  Utah 
and  Nevada,  at  the  bottom  of  tlie  band  of  arenaceous  shale 
carrying  the  OleneUus  fauna.  This  refers  the  quartzites  and 
siliceous  shales  of  tlie  Wasatch  and  similar  sections,  including 
that  of  the  Eureka  district  and  that  of  the  Highland  range  of 
Nevada,  to  the  Algonkian  Period. 

The  section  laid  bare  in  the  Grand  Cafion  of  the  Colorado, 
beneath  the  great  unconformity  at  the  base  of  the  known 
Cambrian,  shows  12,000  feet  of  unaltered  sandstone,  shales 
and  limestone  that,  I  think,  were  deposited  in  pre-Carabrian 
time  and  should  be  referred  to  the  Keweenawan  Group.J  This 
presents  one  of  the  best  opportunities  known  to  me  for  the 
discovery  of  a  pre-Olenellus  fauna.  The  entire  section  is 
unbroken,  and  the  sandstones,  shales  and  limestones  are  much 
like  those  of  the  Silurian  section  of  New  York.  In  a  bed  of 
dark  argillaceous  shale,  3,550  feet  from  the  summit  of  the 
section.  1  found  a  small  Patelloid  or  Discinoid  shell,  a  fragment 
of  what  appears  to  be  the  pleural  lobe  of  a  segment  of  a  trilo- 
bite,  and  in  a  layer  of  bituminous  limestone,  an  obscure,  small 

*  Bull.  U.  S.  Geol.  Survey,  No.  30,  p.  15,  par.  13,  Nos.  1,  2  and  3  of  the  secuoo. 

f  Loc.  cit.,  p.  38.  par.  74. 

i  This  Journal,  III,  vol.  xxiii,  1886,  p.  153,  foot-note. 
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Eyolithes.     In  layers  of  limestone,  still  lower  in  the  section, 
n  obscure  Stromatoporoid  form  occurs  in  abundance.* 

A  similar  series  of  rocks  occur,  nnconformably  beneath  the 
!ambrian,  in  Llano  County,  Texas.  Fossils  have  not  been 
gported  from  them.f 

The  Geographic  Distribution  of  the  OleneUua  Fauna, 

I  have  endeavored  to  show  that  on  the  American  continent 
he  Olenellus  fauna  occurs  in  sediments  deposited  on  the 
largins  of  a  continental  area  that,  in  later  Cambrian  time,  was 
iepressed  beneath  the  sea  and  largely  covered  by  sediments  of 
Jpper  Cambrian  age4  My  studies  in  Newfoundland,  during 
he  past  summer,  lead  me  to  think  that  there  the  Olenellus 
ione  was  also  a  shore  deposit  about  an  Archean  land  area  that 
vas  probably  not  depressed  deeply,  if  at  all,  at  any  one  time, 
>eneath  the  sea  in  any  part  of  Cambrian  time. 

The  Olenellus  zone  oi  Norway,  Sweden,  Russia  (Lapland  and 
Ssthonia)  occurs  on  the  margins  of  an  old  Archean  continent, 
ind  the  Olenellus  zone  of  England  and  probably  of  Scotland 
ind  the  Island  of  Sardinia  is  on  the  western  side  of  the  Euro- 
pean area.  In  other  words,  the  Olenellus  fauna,  as  far  as 
cnovm  to-day,  lived  on  the  western  side  of  a  pre-Cambrian 
^ntinental  area,  outlined  by  the  present  continent  of  Europe ; 
ilso  on  the  eastern  and  western  sides  of  a  continental  area  that 
extended,  on  the  east,  from  Labrador  southwest  along  the 
^.tlantic  coast  line,  and  also  on  a  line  now  occupied  by  the 
valleys  of  the  St:  Lawrence,  Lake  Champlain  and  the  Hudson 
River,  and  probablv  the  central  line  of  the  Appalachians  to 
Alabama ;  and  on  the  west  by  the  eastern  ranges  of  the  Rocky 
Mountains,  from  Arizona  far  into  British  America. 

The  correlations  in  the  following  table  follow  the  New- 
foundland section.  In  New  York  the  Paradoxides  zone  has 
lot  been  recognized,  unless  we  consider  the  representative 
jpecies,  Linnarssonia  Taconica^  Agnostus  desideratus^  Agnoa- 
5i«,  of  the  type  of  A,  pisiformis^  Microdiacua  connexus,  and 
Zaconthoidea  Eatoni^  as  indicating  it.  This  I  am  at  present 
nclined  to  do. 

In  Newfoundland  the  genus  Olenus  is  represented,  but  in 
STew  York,  Nevada,  Wisconsin,  etc.,  the  genus  Dicelloeephalus 
8  taken  as  the  representative  genus  of  the  Upper  Cambrian. 

In  the  southern  Appalachian  area,  Tennessee,  Alabama,  etc., 
ihe  Upper  Cambrian  fauna  is  well  developed,  and  the  Middle 
A  indicated  by  Olenoides  Curticei,  n.  sp.,  Ptychoparia  anti- 
jtcata  Salter,  AgnostuSj  2  sp. 

♦  This  Journal,  III,  vol.  xxvi,  1883.  pp.  437-442. 
+  This  Journal,  III,  vol.  xxviii,  1884,  pp.  431-433. 
i  This  Journal,  III,  vol.  xxxii,  1886,  pp   154-157. 
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Table  shewing  (he  order  of  succession  of  the  Cambrian  faunas  in  typical  artat  h 

America!, 


Newfound- 
land. 

Massachn- 
eettt. 

New  York. 

TenneMee. 

NeTsdmand 
Utah. 

CAMBRIAN  SYSTEM. 

Upper 
Cambrian. 

Olenus 
zones. 

Unknown. 

Paradox- 
ides  zones. 

Dicello. 

cephalus 

zones. 

Present 

Dicello- 

cepbalus 

zones. 

DioeDo- 

cephalu 

zoneei. 

Middle 
Cambrian. 

Paradox- 
ides  zones. 

Indicated 
by  other 
genera  than 
Paradox- 
ides. 

Same  as 
in  Nevada 
and  Utah. 

Repre* 

sented  by 

other  genera 

than  Para- 

doxides. 

Unknowi. 

Lower 
Cambrian. 

OleDellus 
zones. 

OleneUus 
zones. 

OleDellus 
zones. 

Unknown. 

OleneUus 
zones. 

1 

CnknowL. 

The  details  of  this  table  will  be  described  in  a  future  paper. 

The  succession  of  the  Cambrian  faunas  in  Europe  is  the  same 
as  on  the  Atlantic  basin  side  of  North  America,  as  shown  in 
the  following  table : 

Table  showing  the  order  of  succession  of  the  Cambrian  faunas  w 
Europe^  where  the  OleneUus  zone  has  been  recognized.  The  local 
sections  are  given  in  Dr,  LapwortKs  paper.* 


Scandinavia. 

Russia. 

Britain. 

SardiDia. 

• 

Ed 

Upper  Cambrian 

or 

Olenus  zones. 

Middle  Cambrian 

or 
Paradoxides  zones 

Dictyonema 

and 
Olenus  zones. 

Dictyonema. 

Dictyonema 

and 
Olenus  zones. 

? 

02 

525 

< 

Para  doxides 
zones. 

Unknown. 

Paradoxides 
zones. 

• 

< 

Lower  Cambrian 

or 
OleneUus  zones. 

OleneUus 
zones. 

OleneUus 
zones. 

OleneUus 
zones. 

Types  of  the 
Olenellcs 

fauna,  bot  not 
Oleoellui. 

*  Nature,  vol.  xxxix,  1888,  p.  213. 
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The  OleneUns  Fauna, 

A  summary  of  the  Cambrian  fauna  is  given  in  the  Introduc- 
:ion  to  Bull.  30,  U.  S.  Geol.  Survey,  in  which  the  Olenellus 
:anna  is  credited  with  43  genera,  107  species  and  2  varieties, 
[n  this  summary  3  genera  and  19  species  are  inchided  that  are 
lot  found  in  association  with  the  genus  Olenellus  or  typical 
jpecies  of  the  fauna.  They  were  found  beneath  the  Potsdam 
dorizon  and  above  the  Georgia  or  Olenellus  horizon,  and  are 
Qow  referred  to  the  Middle  Cambrian.  They  are:  Proto- 
igiafenestrata  Salter,  Eocyatitesff  longidactylun  TValcott, 
*ditia  Argenta  WaJcott,  Agnoatua  interatrictus  White, 
Otenoidea  NeDadensis  Meek  (sp.),  0,  quadriceps  Hall  and 
Whitfield  (sp.),  0,  Wasatchenais  Hall  and  Whitfield  (sp.),  O. 
apinosua  Walcott,  0, 1/ypicalia  Walcott,  PtychopaHa  Houaenaia 
Walcott,  P,  Kingi  Meek  (sp.),  P,  Piochenaia  Walcott,  P,  f 
Proapexitenaia  Walcott,  P,  qucbdrana  Hall  and  Whitfield  (sp.), 
P,  a^hcoronata  Hall  and  W  hitfield  (sp.)?  Bathyuriacua  Plow- 
elli  Walcott,  B,  j^oductua  Hall  and  Whitfield  (sp.),  and  Aaa- 
phiacua  Wheelem  Meek.  Ptychoparia  Piochenaia  occurs  100 
feet  above  the  Olenellus  zone  proper,  in  the  Highland  Bange 
section,*  but  as  it  also  occurs  1137  feet  higher  up  in  the  same 
section,  it  is  now  referred  to  the  Middle  Cambrian  fauna  and 
not  to  the  Olenellus  fauna. 

From  the  Olenellus  zone  of  eastern  New  York,  I  subse- 
auently  described  :f  Lingulella  Oram/oiUenaia^  Linnaraaonia 
Taconica,  Orthia  Saleme7iaia,  Hyolithelhca  inica^ia^  var.  mgoaa^ 
Modiolopaia  ff  priaca^  Leperditia  dermatoidea^  Ariatozoa 
rotundatUy  Mictvdiacua  convexua^  Olenoidea  Fordi^  Soleno- 
pleura  ?f  tumida^  Ptychoparia  Fitchi  and  P,  f  clava;ta^ 
and  recent  collections  have  added  Agnoatua  deaideratua^  n.  sp., 
Agnoatua  of  the  type  of  A,  piaiformia,  and  Zacanthoiaea 
Eatoni  n.  sp. 

All  of  these  occur  in  association  with  Olenellus,  although 
Linnaraaonia  Taco7iicay  Agnoatua  deaide>^atuay  Agnoatua  type 
of  A.  piaiformia,  Microdiacua  connexv^^  Zacanthoidea  Eatoni^ 
Q.  sp.,  are  types  of  the  Paradoxides  fauna. 

Professor  N^.  S.  Shaler  discovered  an  area  of  fossiliferous 
[iower  Cambrian  rocks  in  Bristol  County,  Massachusetts,  from 
jvhich  he  has  described,  in  association  with  Mr.  A.  F.  Foerste, 
;he  following  species :%  Obolella  craasa  Hall  (var.^,  Obolella  ?, 
FordiUa  Troyenaia  Barrande  ?,  Lamellibranch  ?,  SceneUa  reti- 
ndata  Billings,  Stenotheca  rti^oaa,  var.  paupera,  S,  rugoaa, 
srar.  abrupta^  S,  recurviroatra  (n.  sp.),  Ptatyceraa  primoevum 

♦  Bull.  U.  a  Geol.  Survey,  No.  30,  1886,  pp.  33,  34. 
\  This  Jouraal,  III,  vol.  xxxiv,  pp.  188-198,  1887. 
X  Bull.  Mua.  Comp.  Zoology,  vol.  xvi,  No.  2,  1888. 

Am.  Joub.  Soi.— Third  Sbries,  Vor^  XXXVII,  No.  221.— Mat,  1889. 
25 
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Billings,  Pleurotomaria  {JSaphistoma)  Attleborensis  (d.  spi), 
HyolUhes  quadricostatus  (n.  sp.),  H,  communis^  var.  Emrmm 
Ford,  H,  Americanua  Billings,  H,  princeva  Billings,  E.  Bi- 
lingsi  Walcott  ?,  HyolitheUus  micans  Billings,  SaUereUa  cwr- 
vatvs  (n.  sp.),  Paradoxides  f  WcUcotti^  n.  sp.,  l^tychopam 
inueronatns  (n.  sp.),  P,  Attleborensis  (n.  sp.).  Of  these,  two 
genera — Pleurotomaria  and  Paradoxides — have  not  before  been 
found  in  a  strongly  marked  Olenellus  zone  fauna  ;  and  eight 
of  the  species  and  two  varieties  were  unknown  in  1886. 

It  is  doubtful  if  the  genus  Paradoxides  occurs  in  this  lower 
Olenellus  zone  fauna  P,  Walcotii  is  founded  on  a  small 
head  that  appears  to  be  generically  identical  with  similarly 
sized  heads  of  Olenellus  asaphoides  that  are  associated  with  a 
similar  fauna  at  Troy,  N.  Y. 

In  Newfoundland  I  have  found  14  genera  and  23  species 
and  5  varieties  in  the  Olenellus  zone,  as  follows  :  OhoUlla  Ai- 
lantica^  n.  sp.,  Kutorgina  Labradorica^  HyolitheUus  micant 
Billings,  IL  micans^  var.  rugosa  Walcott,  HyolitheUxis .',  n.  ^., 
Hyolithes  princeps  Billings,  H,  impar  Ford,  H,  quadricoHaba 
S.  and  F.,  JZ,  2  n.  sp.,  Pteropodf^  n.  gen.,  n.  sp.,  Scenella  reA- 
culata  Billings,  Stenotheca  rugosa^  var,  ackita-costa  Walcott, 
Stenotheca  rugosa^  var.  erecta  Walcott,  Stenotheca  rugosa^  var. 
levis  Walcott,  Stenotheca  rugosa^  var.  paupera  Billings,  Pla- 
tyceras  primcevum  Billings,  Microdiscvs  Helena^  ^^^P-'  ^' 
speciosuB  Ford,  Microdiscvs  sp.  ?,  OleiieUvs  Broageri  Walcott. 
Avalmiia  Manuelensis^  n.  sp.,  Ptychoparia  Morrisij  n.  sp., 
Agraulos  {S,)  stre?iuus  Billings,  A.  (S.)  strejiuus  var.  nasuius. 
n.  var.,  Agratilos  n.  sp.,  Solenopleura  hombifrons  Matthew, 
Solenopleui'a^  n.  sp.  Of  these,  2  genera,  14  species  and  4  varie- 
ties were  not  previously  known  in  the  fauna. 

A  list  of  all  the  genera  and  species  now  known  to  me  from 
America,  gives  a  total  of  55  genera,  127  species  and  9  varieties, 
as  follows : 


Leptomitus  Zittcli.  Walcott. 
Girvanclla  ?  sp.  ? 
Protoapougia  sp  ? 
Uydrozoa  sp.  ? 

Phyllojrrapius  ?    simplex.  P^mmons. 
Cliraacograptns??  Flinmonsi,  Walcott. 
Corals. 
Protopharetra,  sp.  ? 
Spirocyathus  Ailanticus,  Billiners, 
Coscinocyathus  Billingsi,  Walcott. 
Archseocyathus  profundus,  Billings. 
(A)  rarum,  Ford. 
(A)  Rensselaericum,  Ford. 
I>wighti,  n.  sp. 
Ethmophyllum  Whitney i.  Meek. 
Meeki.  n.  sp. 


Crinoidea. 

Eocystites  ?  sp.  ? 
Trails^  burrows  and  tracks. 
Planolites  incipiens,  Billings. 

congregatus,  BiUiogs. 
annulariuSf  n.  sp. 
Holminthoidichnites     marinuA, 

mons. 
Scolithus  linearis,  Haldeman. 
Cruziana  sp.  7 
Brachiopoda. 

Lingulella  cselata.  Hall  (sp.) 
Ella,  H.  and  W. 
Granvillensls,  WalooU. 
Linnarssonia  Taconica,  Walcott 
Kutorgina  cingulata,  Billings. 
Labradorica,  Billings. 


Km- 
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poda. 

'giDa  panDula.  White  (jp.) 

Prospectfnsis,  Walcott. 
ea  bella,  Billings. 
ret  a  gemma,  Billings, 
hele  subsidua,  White. 
I  la  Aclantica,  n.  sp. 
chromatica,  Billings. 
Circe,  Billings, 
crassa.  Hall  (sp.) 
gemma.  Billings, 
nitida,  Ford. 
I  Flighlandeosis,  Walcott. 

Salemensis,  Walcott. 
sina  festinata,  Billintrs. 
orientalis,  Whitfield. 
?  Iransversa,  Walcott. 
?  (sp.  undetermined.) 
2  sp.  ? 
rella  ?  antiquata,  Bilhngs. 

?sp.  ? 
rranchiata, 

Ua  Troyensis,  Barrande. 
>lopsi8  (??)  prisca,  Walcott. 
yada. 

lia  bella,  n.  gen.,  n.  sp. 
theca  ?  elongata,  Walcott. 
curvirostra,  S.  and  F. 
?  rugosa,  Hall,  (sp.) 
var.  abrupta,  S.  and  F. 
var.  acuta-costa,  n.  var. 
var.  erecta,  n.  var. 
var.  levis,  n.  var. 
var.  paupera,  Billings, 
•lla  conula,  Walcott. 
reticulata,  Billings, 
retusa,  Ford. 
?  varians,  Walcott. 
ceras  primaevum,  Billings, 
otomaria  (Raphistoma)  Attlebor- 
is,  Shaler  and  F. 
ia. 

tbes  Americanus,  Billings. 
Billingsi,  Walcott. 
communis,  Billiugs. 

var.  Emmousi,  Ford, 
impar,  Ford, 
princeps,  Billings, 
quadricostatus,  S.  and  F. 
sp.  (undetermined.) 
similis,  n.  sp. 
terranovicus,  n.  sp. 
thellus  micaos,  Billings. 

var.  rugosa,  Walcott. 
loides  typicalis,  n.  gen.,  n.  sp. 
«lla  pulchella,  Billings, 
rugosa.  Billings, 
curvatus,  Shaler  and  F. 


Crustacea. 
Leperditia  (I)  derma toides,  Walcott 

sp.? 
Aristozoa  rotundata,  Walcott. 
Troyensis,  Ford, 
sp.? 
Protocaris  Marshi,  Walcott. 
Trikibita. 
Agnostus  nobilis,  Ford. 

desideratus,  n.  sp. 
sp. 
Microdiscus  bella-marginatus,  S.  andF. 
connezus,  Walcott. 
lobatus,  Hall. 
Meeki,  Ford. 
Parkeri,  Walcott. 
speciosus,  Ford, 
sp.  ? 
Olenellns    (Mesonacis)    Yermontana, 
Hall  (sp.) 
(M.)  asaphoides,  Em.  (sp.) 
Grilberti,  Meek. 
Iddingsi,  Walcott. 
Thompsoni,  Hall. 
(M.)  Broggeri,  n.  sp. 
Paradoxides?  Walcotti,  Shaler  and  P. 
Olenoides  Fordi,  Walcott. 

?  Marcoui,  Whitfield,  (sp.) 
Zacanthoides  Eatoni,  n.  sp. 

levis,  Walcott. 
Bathynotus  holopyga.  Hall. 
Avalonia  Manueleusis,  n.  gen.,  n.  sp. 
Conocoryphe  trilineata,  Emmons,  (sp.) 
Ptychoparia  Adamsi,  Billings. 

AtUeborensis,  S  and  F. 
(?)  Fitchi,  Walcott. 
misera,  Billings, 
sub-coronata,  H.  and  W. 
Teucer,  Billings,  (sp.) 
Vulcan  us,  Billings,  (sp.) 
2  sp.  ? 
Agraulos  strenuua,  Billings. 

var.  nasutus,  n.  var. 
Crepioephalus  Augusta,  Walcott. 

Liliana,  Walcott. 
Oryctooephalus  primus,  Walcott. 
Anomocare  parvum,  Walcott. 
Protypus  Hitchcocki,  Whitfield,  (sp.) 
(?)  clavata,  Walcott 
senectus,  BilKngs.  (sp.) 
var.  parvulus,  Billings. 
Selenopleura  bombifrons,  Matthew, 
nana,  Ford. 
(?)  tumida,  Walcott 
Harveyi,  n.  sp. 
Howleyi,  n.  sp. 


species. 

Tute 

3 

0 

2 

0 

9 

0 

1 

0 

6 

0 

27 

0 

2 

0 

10 

5 

15 

2 

5 

0 

46 

2 
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Jiesumi  of  Fauna. 

I  Genera. 

SpongiflB 8 

Hydrozoa 2 

Corals 5 

Crinoidea 1 

Trails,  burrows  and  tracks 4 

Brachiopoda 10 

Lamellibranchiata 2 

Gasteropoda 6 

Pteropoda 4 

Crustacea 3 

Trilobita 16 

Total 66  127 

The  OleneUus  Fauna  in  Europe. 

Until  the  memoir  of  Holm's  on  OleneUus  Kjendji*  if 
peared,  American  paleontologists  were  unwilling  to  admit  tkil 
the  genus  OleneUus  was  represented  in  Europa  The  fipM 
and  descriptions  given  by  Linnarsson  and  Brogger  were  nw* 
isf actory,  and  they  did  not  care  to  change  the  scneme  of  cli» 
fication  proposed  by  Logan  without  very  positive  evidenei 
Personally  I  avoided  referring  to  the  debated  question  wkfc 
engaged  m  its  study  in  America  and  while  waiting  for  fnlfcr 
data  from  Europe.  I  felt  the  force  of  Brogger's  argameiii 
but  preferred  to  wait  for  stronger  proof  beiore  accepting <" 
rejecting  the  European  view. 

To  the  American  fauna  I  will  add  the  European  forms  M 
are  at  present  known  to  me  : 

Scandanavia. — Holm  statesf  that  according  to  Dnnaiaa 
and  Brogger,  the  fauna  of  the  OleneUus  zone  in  Scandani^ 
consists  01 :  OleneUus  Kjervlfi  Linnars.,  EUipsocepha/M  Scf- 
denskioldi,  Arionellus  primcevus  Brogger,  Irydiihfi  ^ 
undet.,  Metoptoma  sp  ,  Lingulella  f  Naihorsti  LinnarB.,  (Mi^ 
sp.,  Discina  ?  sp. 

From  the  Eophyton  sandstone  beneath  the  OleneUiH  ^ 
ulf  zone  Linnarsson  described^  Bythrotrephis  sp.,  Medvi^ 
radiata    Linnars.,    Medusites    Lindstromi    Linnar&,   J'*^: 
witzia    Monolifera    Linnars.,   Hyolithes    levigatus  LinM^j 
Arenicolities  sj^ralis  Torell,  Frcena  teneUa  Linnara,  0* 
ziana  dispar  Lmnars.,  Scotolithus  mirahUis  Linnars.,  Eo^ 

♦  Aftrjck  vr.  Geol.  Foren.  Stockholm,  Forhandl.,  ▼ol.  ix,  haft  7,  1887. 
t  Aftryck  vr.  Geol.  Foren.  Stockholm,  Forhandl.,  vol  ix,  h&fk  7,  p.  21,  ISS"- 
X  Geog.  och  Pal.  lakttag.  Eophytonsandstenen  i  vestergotland  Kod^.  Stvoik* 
Vet.  Akad.  Handl.,  vol.  ix,  No.  7,  1871. 
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Linn(Banum  Torell,  E.  ToreUi  Linnars.     These  last  three 
ies  are  probably  based  on  inorganic  markings. 
'xissia, — The  Olenellus  zone  in^stland,  Russia,  has,  accord- 
to  Schmidt,  the  following  genera  and  species : 

lenellua  Mickwitzi  Schmidt,  SceneUa  discinoides  Schmidt, 
ellaf  tuberculata  Schmidt,  Mickwitzia  monilifera  Linnars- 
[A^.)^OboleUaf  sp.,  Diacinaf  sp.,  VolbortheUa  tenuis  Schmidt, 
ysolenites  antiquissimus  Eichwald  (sp.),  Medusites  Lindstromi 
larsson,  Frcena  tenella  Linnarsson,  Cruzianay  Ptimitia  f  (sp.).* 

'ritain. — The  Olenellus  fauna  was  first  described  in  Britain 
^rofessor  Charles  Lapworth.f  At  the  Cumley  quames,  Little 

i.doc,  Shropshire,  he  obtained  Olenellus ,  Hyolithellus, 

orgina,  SceneUa,  Ptychoparia  and  Obolella,  from  calcareous 
Istone,  in  the  Cumley  sandstona     The  stratigraphic  posi- 

of  the  sandstone  in  relation  to  the  Paradoxides  zone  was 

known  until  the  fauna  proved  that  it  belonged  to  the 
rer  Cambrian.  In  the  more  complete  section  oi  the  Cam- 
n,  at  St.  David's,  S.  Wales,  the  purple,  green  and  red  sand- 
les  and  slates  of  the  Caerfai  group  of  Hicks  occupy  the 
tigraphic  position  of  the  Olenellus  zone  in  Newfoundland, 
o  the  somewhat  similar  beds  near  Llanberis  and  Bangor,  in 
•th  Wales.  As  yet  the  few  fossils  found — Linguld^  pri- 
wa,  Discinaf  Ca^rfaiensis^  Lejperditia  f  Camhrensisy — n*om 

David's,  and  Hyolites  sp.,  and   Conocoryphe  viola^  from 
•th  Wales,  do  not  prove  the  presence  of  the  Olenellus  zone, 
ough  I  shall  include  them  in  the  Lower  Cambrian  fauna. 
'^%n. — The  only  species  recorded  from  the  Spanish  penin- 

that  can  be  classed  with  the  Olenellus  fauna  is  Ethmo- 
Hum  Marianus  Roemer. 

^n  the  Island  of  Sardinia  a  large  Cambrian  fauna  has  been 
^vered  that  includes  the  genera  Archseocyathus,  Coscino- 
thus,  Obolella,  Kutorgina,  Olenopsis,  Metadoxides,  etc.,  etc. 
bil  more  complete  data  are  published  on  the  geological  sec- 
t  and  the  range  of  the  species,  it  is  not  safe  to  assign  any 
he  species  to  the  Olenellus  zone. 
Excluding  the   Sardinia  fauna  and   admitting  the  genera 

species  except  where  evident  duplication  exists,  the  pre- 
•adoxides-Olenellus-zone  faunas  oi  Europe  may  now  be 
iited  with  twenty-five  genera  and  thirty-eight  species.  Of 
je  twelve  genera  and  all  the  species  have  not  been  recog- 
)d  in  America.  Adding  the  European  fauna  to  the  Ameri- 
we  have 

Genera  67;       Species  165;        Varieties  9. 

x>c.  cii^,  p.  13. 

Tature,  vol.  xxxix,  pp.  212,  213,  1888.     AdvaDced  sheets  dated  Oct.  25, 1888. 
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To  this  number  there  will  yet  be  added  many  of  the  genen 
and  species  from  Sardinia,  and  probably  a  considerable  nnmbi 
from  Britain  and  Scandanavia, 

In  the  second  part  of  this  paper  the  stratigraphical  a 
zoological  relations  of  the  Lower  and  Middle  Cambrian  faun 
will  be  discussed. 

[To  be  oontiDued.] 


Art.  XLI. — Earthquakes  in  California^  (1888);  by 

Edward  S.  Holden. 

In  1887  I  compiled  a  list  of  earthquakes  which  had  bei 
recorded  in  California,  etc.,  from  1769  to  the  end  of  IS 
This  was  printed  by  the  Regents  of  the  University  of  Califon 
in  a  pamphlet  of  78  pages  and  widely  distributed.  The  di 
there  given  have  been  discussed  in  two  papers  subseqnenJ 
written.  The  first  is  a  note  on  Earthquake  Intensity  in  S 
Francisco  (1808-1888)  printed  in  this  Journal  for  June,  188 
and  the  second  has  the  title  Earthquakes  in  California,  Wa 
ington,  and  Oregon  (1769-1888)  and  has  been  communical 
to  the  California  Academy  of  Sciences.  These  three  publi 
tions  contain  all  the  data  which  I  have  been  able  to  colk 
and  I  believe  that  no  deductions  of  especial  value  can  be  dra 
from  the  data  except  those  which  are  there  given.  Th< 
statistics  could,  of  course,  be  tabulated  in  several  different  wa 
but  it  is  my  opinion,  from  trials,  that  no  important  results  i 
already  given  would  follow. 

The  examination  of  past  records  has  naturally  led  to  i 
consideration  of  the  best  manner  of  making  future  ones.  1 
object  of  such  records  is  to  bring  to  light  all  the  general  fa 
as  to  distribution  of  earthquake  snocks,  as  to  topographic  are 
as  to  time,  as  to  average  intensity,  etc.,  and  also  to  enabl 
study  to  be  made  of  particular  shocks, — as  to  velocity  of  traa 
area  of  the  disturbea  region,  intensity,  etc.  In  order  to  stc 
any  of  these  questions  with  profit  it  is  necessary  to  have  so 
kind  of  a  measure  of  the  intensity  of  each  earthquake  sho 
The  most  satisfactory  instruments  which  I  have  seen  for  t 
purpose  are  those  invented  by  Professor  Ewing,  F.RS.  Th< 
are  devised  on  sound  mechanical  principles  and  are  well  « 
structed  by  the  Cambridge  Scientific  Company. 

It  is  necessary  at  the  Lick  Observatory  to  keep  a  register 
all  earthquake  shocks  in  order  to  be  able  to  control  the  po6iti<: 
of  the  astronomical  instruments.  Accordingly  I  ordered  a  i 
of  Professor  Ewing's  instruments  for  the  Observatory,  whi 
were  delivered  in  1887.  They  are  described  with  woodcuts 
Volume  I  of  the  P^Mications  of  the  Observatory,  (page  8 
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nd  in  the  Hand  Book  of  the  Observatory^  (p^ge  64).  The 
omplete  set  of  instruments  will  give  for  each  shock  the  time 
►f  its  beginning,  and  that  of  every  tremor ;  the  amplitude  of 
he  vibration  in  the  east  and  west,  the  north  and  south,  the  up 
tnd  down  directions  at  every  instant.  Such  a  complete  set  of 
nstniments  requires  continual  attention  and  is  far  too  delicate 
ind  troublesome  in  adjustment  for  general  use.  The  Duplex 
^i^raoineter  of  Professor  Ewing  seems,  however,  to  be  well 
uited  for  general  purposes.  It  gives  with  considerable  accu- 
•acy,  the  magnitude  of  the  earthquake  force  in  any  two 
lirections  as  east  and  west  and  north  and  south.  The  vertical 
component  is  not  registered,  and  the  time  of  occurrence  must 
)e  tAken  from  a  watch.  Copies  of  this  instrument  can  be  had 
rom  the  California  Electrical  Works  (35  Market  street,  San 
Francisco),  for  $15.  It  therefore  seems  to  be  a  suitable  pattern 
or  use  in  California,  and  elsewhere,  since  it  combines  compar- 
Ltive  accuracy,  with  cheapness.  A  complete  set  of  Professor 
Swing's  instruments,  is  provided  as  I  have  said,  at  the  Lick 
Observatory.  The  duplex  seismometers  multiply  four  times  ; 
rhile  the  vertical  component  is  multiplied  \-K  times,  the 
lorizontal  component  3^  times  in  the  complete  instrument. 

Another  complete  set,  exactly  similar,  belongs  to  the  Univer- 
ity  of  California,  at  Berkelev,  and  is  installed  at  the  Student's 
Observatory  there,  under  cnarge  of  Professor  Soul6.  This 
Observatory  also  has  a  Gray-Milne  seismometer,  complete. 
Copies  of  the  duplex  seismometer  are  set  up  also  at  the 
ollowing  stations : 

(1.)  San  Francisco,  near  Cliff  House,  residence  of  Hon.  A. 
Jutro. 

(2.)  San  Francisco,  917  Pine  street,  residence  of  Hon.  J.  R. 
'arboe. 

(3.)  Chabot  Observatory,  Oakland,  in  charge  of  Mr.  Burck- 
lalter. 

(4.)  Private  Observatory  of  Mr.  Blinn  in  East  Oakland. 

(5.)  Kono  Tayee,  Clear  Lake,  residence  of  Capt.  R.  S.  Floyd. 

(6.)  Observatory  of  University  of  the  Pacific,  San  Jos^,  in 
harge  of  Professor  Higbie. 

(t!)  Students'  Observatory,  Berkeley,  in  charge  of  Professor 
>onl6. 

(8.)  One  will  be  shortly  installed  at  Smith  Creek  Hotel,  at  the 
Dot  of  Mt.  Hamilton. 

(9.)  OflSce  of  State  Weather  Bureau,  Carson,  Nevada,  in  charge 
f  Charles  Freund,  Esq. 

Copies  of  this  instrument  are  also  in  possession  of  Warner 
nd  Swasey  of  Cleveland,  and  of  Capt.  C.  E.  Dutton,  of  the 
J.  S.  Geological  Survey  for  experiments.  I  believe  that  one 
vill  be  shortly  mounted  at  the  Blue  Hill  Observatory,  near 
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Boston,  Massachusetts.  The  Lick  Observatory  also  posseeses  t 
seismometer  invented  by  Professor  Milne  and  tindly  presented 
by  him,  which  is  designed  to  serve  for  general  purpoeea  We 
have  not  thorough)  v  tested  this  as  yet.  It  is  simple  m  con6t^l^ 
tion,  and  inexpensive.  A  description  of  it  may  be  found  in 
Trans,  Sets.  Soe.  of  Japa^,  vol.  xii. 

The  instruments  above  named  which  are  in  California  have 
been  visited  and  adjusted  by  Mr.  Keeler  of  the  Observatory 
(who  is  in  charge  of  our  earthquake  instruments),  and  the 
owners  of  these  instruments  have  kindly  reported  the  occur- 
rence of  shocks,  and  have  often  sent  blue  prints  or  tracings  of 
the  records  mada  The  reports  pf  Mr  Jarboe,  Mr.  Blinn,  and 
Mr.  Burckhalter  have  been  especially  full,  as  will  be  seen  from 
what  follows.  Win.  Irelan,  Esq.,  Dr.  J.  B.  Trembley  of  Oak- 
land, and  U.  S.  Surveyor  Gteneral  Irish  of  Nevada,  have  kindly 
taken  the  pains  to  send  accounts  of  all  shocks. 

I  have  also  copied  from  such  newspapers  as  fell  under  my  eye 
all  data  respecting  California  earthquakes.  These  are  given 
in  what  follows,  together  with  the  results  obtained  from  the 
various  instruments.  To  make  this  record  complete  the  reports 
of  the  U.  S.  Light  House  Board,  of  the  U.  S.  G^olc^cal 
Survey,  and  the  annual  records  of  earthquakes  given  by 
Professor  Rock  wood  in  this  JoumaJ  should  be  consulted.  As 
these  are  available  to  all,  I  have  not  reprinted  any  data  from 
them.  It  is  intended  in  future  years  to  continue  such  reconk 
as  the  present  one.  The  extremely  local  character  of  some  of 
these  siiocks  is  noteworthy. 

Earthquakes  in  California,  1888. 

1888,  Januay^y  7,  10:25  P.  M.— S.  F.  (II) :  Berkeley  (IV),- 
at  Berkeley  a  loud  explosion. — Professor  Kellogg. 

January  13,  at  niglit. — Berkeley,  a  slight  shocK  (N.E.-S.W.) 
recorded  on  duplex  seismometer  (I?  II?  III?). — Profeeeor 
Soul^. 

January  16,  11:39  P.  M. — S.  R:  single,  short,  sharp  shook 
(IV). — E.  S.  H.  (I  have  no  other  report  of  this,  and  it  uiu^t 
therefore  be  regarded  as  doubtful.) 

January  17,  10:10  P.  M.— S.  F.— E.  E.  Barnard.  Oakland, 
from  N.E.  to  S.W.  (III?  I V ?).— Prof essor  Edwards. 

January  26,  ? — Ilealdsburg,  10  sec.  duration,  S.  F.  Chronicles 
Jan.  28.     (Total  eclipse  of  the  moon  on  January  28.) 

January  29,   10:35  p.   M. — Carson,  Nevada,  a  slight  shock 
(IV  to  Y)     Grass  Valley,  Cal.:  the  same  shock  (ify—Grm 
Valley  Tidings^  Feb  3. 

January  30,  4:15  A.  M. — S.  F.  [not  reported  in  newspapers].— 
J.  li.  J. 
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Februa/ry  18,  2:50  a.  m. — Fort  Bragg  :  three  severe  shocks, 
(V  ?) ;  the  first  at  2:50,  the  other  at  intervals  of  one  or  twa 
minutes.  Mendocino :  three  shocks ;  the  first  at  2:55,  the 
others  at  intervals  of  three  or  four  minutes. — (S.  F.  BvUetin^ 
February  18.] 

Februa/ry  «  about  4  A.  M. — Menlo  Park  :  sleepers  waked  (V 
OP  VI).— J.  T.  Doyle,  Esq. 

FArua/ry  29,  2:51  P.  M. — S.  F.:  on  Montgomery  street,  peo- 
ple alarmed  (V) ;  Pine  and  Mason  streets,  more  severe,  ( V  I) ; 
Washington  and  Mason  streets^  (^I)«  Two  waves  on  duplex 
seismometer  (917  Pine  street.).     The  motion  of  the  earth  was 

a— N.  68^  W.  to  S.  68^  E.      5— S.  56^  E.  to  K  56°  W. 

The  shock  h  was  most  severe. 

Berkeley  :  not  felt,  not  registered. — Oakland :  (II.) — Bel- 
mont :  not  felt.— San  Rafael :  (IV  or  V)  2:48  p.  M.,  E.  to  W.— 
Santa  Bosa :  2:55  p.  M.,  violent ;  people  ran  out  of  houses, 
(VI). — ^Petaluma :  2:55  p.  M.,  walls  cracked  (VII)  sound  of  an 
explosion  heard.  The  severest  for  many  years.— Healdsburg  : 
2:44  p.  M.,  light  N.  to  S. — Martinez  :  2:45  P.  M.^  two  shocks  one 
minute  apart  (VI). — S.  F.  Alta^  Chronicle^  BvUetin^  Feb. 
29th  and  Mar.  1. 

March  7,  7:54  a.  m. — Pasadena:  7:58  A.  M.,  (VI);  from 
N.W.  to  S.E.,  duration  three  seconda — Los  Angeles  :  a  little 
after  8  A.  M.  (VI)?  "severest  for  18  years;  no  damage  to 
buildings,"  no  very  heavy  articles  overturned  (VI).  [Kote : 
on  1883,  Sept.  5th,  a  shock  (VI)  was  felt  at  Los  Angeles, 
E.  S.  H.J — San  Diego :  scarcely  felt  (II).  (Pasadena  Vaily 
Star ;  also  S.  F.  Alta^  Chronicle^  Mar.  7,  8). 

March  28,  1:41  A.  M. — S.  F.:  slight  shock,  but  suflScient  to 
awaken  a  sleeper  (V).  Direction  of  shock  nearly  N.  and  S., 
on  duplex  seismometer,  917  Pine  street.  Professor  Davidson 
says  duration  }  second,  and  shock  from  W.  to  E. — S.  F. 
BuUetin^  Mar.  29. 

Ajyril  9,  7:50  a.  m. — Riverside :  slight  shock  (IV)  N.E.  and 
S.W:     (S.  F.  Bulletin,  April  9,  Chronicle,  April  10.) 

April  12,  about  5:15  A.  M. — Riverside :  the  shock  suflScient 
to  waken  sleepers  (VI)  with  loud  noises  accompanying.  Col- 
ton,  5:30  A.  M.     (S.  F.  Chronicle,  April  13.) 

April  28,  [8:45  P.  M.] — On  the  Lick  Observatory  seismo- 
graph an  earthquake  record  was  found  April  29.  From  the 
trace  of  this  shock  the  following  data  are  taken.  The  dimen- 
sions given  below  are  to  be  divided  by  33  for  the  Horizontal 
and  by  1*6  for  the  Vertical  components,  to  get  the  actual  earth 
movements.  The  times  are  given  in  seconds  after  a  zero 
epoch  arbitrarily  assumed.  The  pen  which  marks  the  W.  and 
E.  components  registered  a  line  y*-,^  of  a  millimeter  wide 
throughout.     There  appear  to  be  wideniugs  of  this  line  as 
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early  as  fifteen  seconds  before  the  zero  second  adopted,  but 
the  amplitude  of  E.  and  W.  tremors  is  never  more  thaii  -fj^ 
of  a  millimeter  during  the  whole  shock  and  the  time  of  their 
beginning  cannot  be  fixed.  I  presume  we  have  here  a  case 
where  the  normal  vibrations  were  strictly  in  an  E.  and  W. 
plane.  The  transverse  vibrations  which  arrived  later  are  there- 
fore N.  and  S.  and  of  their  full  size  in  the  diagram.  We  may 
then  dismiss  all  further  consideration  of  the  E.  and  W.  wave. 
It  had  scarcely  a  measurable  amplitude.  At  0  seconds  the  N. 
and  S.  tremors  begin  to  show ;  tne  whole  record  of  the  vertical 
component  is  lost  till  17  seconds. 


At  8  sec.  the  earth  moved  S.  of  the  neutral  line 
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and  small  tremors  with  a  double  amplitude  of  about  J""™  (on 
the  trace)  continue  till  66  seconds. 

The  vertical  component  as  recorded  by  the  machine  is  given 
below : 

At  18  sec.  the  earth  moved  above  the  neutral  line  1™" 
19  "  below  "  i 

21^  "  above  "  i 

23  "  below  "  1 

and  tremors  of  not  more  than  i™°  continue  on  the  trace  till 
about  56  seconds. 

We  may  assume  for  a  basis  of  computation : 

Number  of  waves  in  10  seconds  =4, 
Period,  about  2*5  seconds  =T, 
Amplitude  magnified,  I'"",  a=0-3"™™, 

Velocity  of  projection  =V=-       =  0*75, 

V" 

Intensity  = — =1*90, 

which  corresponds  to  about  I  on  the  Rossi-Forel  scale.    The 
period  of  these  waves  is  very  slow. 

Ap7*il  28,  8:48  P.  m. — Keno  (Nevada),  a  smart  shock :  three 
waves  in  3  sec,  followed  by  a  general  trembling  for  10  sec. 
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The  time  of  the  third  and  severest  shock  was  8  h.  48  m.  38  s. 
p.  M.  Direction  S.  to  N.  (letter  from  XJ.  S.  Surveyor  General 
Irish).  Two  other  observers  say  W.  to  E. — Grass  Vajley  :  felt 
in  the  Idaho  mine  below  the  1600  ft.  level,  Alta^  May  2d. 
Very  heavy,  lasting  5  sec,  from  E.  to  W.  {Chronicle^  April  30\ 
— Grass  V  alley :  the  Orleans  mine  was  flooded.  The  shock 
was  at  8:45  P.  M.  and  very  heavy  (VII).  It  was  preceded  by 
a  loud  noise.  The  duration  was  about  5  sec,  and  the  wave 
was  E.  to  W.  Clocks  stopped,  plastering  fell,  and  also  tops  of 
chimneys. — Nevada  City :  walls  of  courSiouse  cracked  (VIII). 
— At  Marysville,  Downieville,  Truckee,  Colfax  and  Sacramento 
the  shock  was  very  strong  (G.  V.  Tidings^  April  30,  May  2). — 
Nevada  City :  two  severe  shocks  at  8:48  P.  M.  preceded  by  a 
deep  rumbling  sound.  Direction  N. — Dutch  Flat ;  8:46  P.  M., 
severe  from  S.  to  N.  People  were  badly  frightened. — Stock- 
ton :  four  shocks  at  8:40,  from  N.  to  S. — Dixon,  8:45  P.  M. — 
Biggs:  heavy  shock  "lasting  75  (?)  seconds^'  [seven  to  five? 
E.  S.  H.],  at  8:45  (VII)  plastering  cracked,  etc. — Santa  Eosa : 
slight  shock  at  8:45,  N.  and  S.  (III). — Truckee :  8:47,  duration 
two  seconds,  (S.  F.  Examinet*^  April  29). — Oroville :  8:45  P.  M. 
Short,  quick  shock. — S.  F. :  barely  perceptible  in  third  story 
of  917  Pine  street.  No  record  on  duplex  seismometer  in 
basement  (I). 

April  30,  ahout  4  a.  m. — Grass  Valley :  Tidings^  April  30. 
— Downieville :  3:40  A.  M.  two  light  shocks  (IV),  (S.  F.  Bul- 
letin^ April  30). 

May  4,  1:55  P.  M. — S.  F.,  917  Pine  street,  decided  shock, 
not  registered  on  duplex  seismometer,  J.  R.  J. — S.  F.,  slight 
shock  (11)  of  a  few  seconds  duration,  {Bulletin^  May  4). 

May  6,  9  h.  42  m.  22  s.  P.  M.  (E.  S.  H.). — Lick  Observatory  : 
sadden  shock  (III)  E.  S.  H.,  preceded  by  a  rumbling  noise 
(PoRCHEB.)  (Registered  on  duplex  seismometer). 

Jidy  11,  at  night. — Susan ville:  slight  shock  (IV??),  S.  F. 
Bulletin,  July  13. 

August  14,  9:57  a.  m. — S.  F.,  917  Pine  st.  Intensity  (II)  on 
R.  F.  spale.  The  duplex  seismometer  gives  a  looped  trace  on 
the  plate  (magnified  four  times)  7°*"  N.KE.  to  S.S.W.  (direc- 
tion of  first  shock),  4°*™  at  right  angles  to  this.  The  motion 
of  the  earth  was  therefore  S.S.W.  to  N.N.E. — Lick  Observa- 
tory :  direction  on  the  plate  N.N.E.,  of  the  earth  S.S.W.  The 
trace  is  a  wavy  line  (magnified  four  times)  8°™  long.  N.N.E. 
and  S.S.W.  with  six  waves  1°*"  high  at  right  angles  to  this. 
Probably  the  shock  was  nearly  vertical  here. 

September  10, 1:53  a  m. — S.  F.,  917  Pine  street:  slight  shock 
(II)  not  registered  on  duplex  seismometer,  J.  R.  J. — Oakland: 
slight  shock,  C.  Burckhalter.  Three  shocks  at  1:50  a.  m.  in 
quick  succession,  attended  by  noise;  windows  did  not  rattle 
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II?),  Dr.  Trembley.     It  waked  sleepers  in  Oakland  (V?),E. 

tooth. — Berkeley ;  slight. 
September  15? — Lick  Observatory:  the  seismograph  started 
at  6:15  a.  h.,  but  ad  the  record  was  not  like  that  of  a  shock 
Mr.  Keeler  (in  charge  of  the  instrument)  supposes  the  tremor 
which  started  the  instrument  to  have  been  due  to  a  high  wind. 
September  17,  3:51  a.  m. — Lick  Observatory:  The  seismo- 
grapn  gives  the  following  records  (magnified  1*6  times  for  the 
vertical,  3*3  times  for  the  horizontal  components).  At  3 
seconds  after  an  assumed  zero  second,  the  vertical  component 
began  its  trace  with  a  wave  of  period  about  IJ  seconds.  The 
amplitude  (on  the  trace)  is  hard  to  estimate  but  is  probably  not 
less  than  6°"*  for  the  first  semi-wave,  then  about  1"*°*  for  a  full 
wave,  and  after  this  mere  tremors  until  about  40  seconds.  The 
N.  and  S.  component  (magnified)  was  as  follows: 

At  4'3  seconds  the  earth  moved  S.  of  the  neutral  line  6"" 

5-7  "  N.  «  2 

5-9  "  on  to  "  — 

6-1  "  N.  "  2i 

6-4  «  S.  "  H 

6-9  «  N.  "  1 

7-5  «  S.  «  \\ 

8-9  "  N.  «  l| 

and  tremors  occasionally  as  large  as  J°*°  continued  until  about 
40  seconds. 

The  E.  and  W.  component  (magnified)  was  as  follows : 

At  4*3  seconds  there  was  strong  movement  of  the  earth  west 
of  about  3°^ ;  this  was  followed  by  a  wave  of  period  about  1 
second  double  amplitude  2"" ;  and  this  again  by  another  of 
period  J  second  double  amplitude  1"™.  After  this  tremors 
continue  for  about  30  seconds. 

The  strata  of  which  Mt.  Hamilton  is  composed  lie  at  a  high 
angle  to  the  horizon  and  the  direction  of  the  stratification  is 
nearer  N.  and  S.  than  E.  and  W.  The  earthquake  instruments 
are  at  the  very  summit  of  the  mountain.  This  may  account 
for  the  fact  that  (at  least  for  the  shocks  so  far  observed)  the 
vertical  component  is  relatively  large,  and  that  the  N.  and  S. 
component  (m  the  general  direction  of  the  stratification)  is 
usually  far  larger  than  the  E.  and  W.  component.  The  record 
of  this  shock  on  the  duplex  seismometer  is  very  interesting, 
but  it  gives  no  information  additional  to  the  above. 

We  may  then  assume  as  a  basis  of  computation  for  this 
shock : 

Number  of  waves  in  10  seconds  =6  or  7,  say  6-J^. 
Period,  T,  of  the  representative  wave  =0*5  sec. 
Amplitude  of  the  representative  wave  (magnified)  =s2'5""°. 

a  =  0-8'°". 
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Velocity  of  projection  =-=-=10'0. 
Intensity  = — =126. 

This  correeponds  approximately  to  V-VI  on  the  Rossi-Forel 
scale,  according  to  tne  table  in  this  Journal,  June,  1888,  p.  429, 
which  was  derived  from  Japanese  shocks. 

Chabot  Observatory :  the  time  of  the  shock  is  3  h.  50  m. 
plus  or  minus  one-quarter  of  a  minute  (W.  Irelan,  Esq.).  It  is 
registered  on  the  duplex  seismometer  plate  as  follows.  The 
first  motion  (of  the  pen,  magnified  four  times)  is  2°^  to  the  W., 
then  follow  several  small  tremors  towards  the  S.E.  The  mo- 
tion of  the  earth  is  of  course  in  the  reverse  directions. — Lick 
Observatory,  3:51  A.  M. :  severe  shock,  lasting  several  seconds. 
Strong  vertical  component  (VI  to  VII)  observed  by  E.  S.  H. 
Also  on  L.  O.  seismometer. — Gilroy,  sharp  shock :  Santa  Cruz, 
heavy,  (S.  F.  CaU,  Sept.  18).— S.  F.,  917  Pine  street:  very 
slight,  no  record  on  seismometer,  J.  R.  J. 

September  23,  ah(mt  11:30  A.  M. — S.  F.,  917  Pine  street: 
veiT  slight  shock,  J.  R.  J. 

October  8,  12:52  P.  M. — San  Miguel,  S.  L.  O.  Co.:  light 
shock,  2  sec.  duration,  N.  to  S.  (III).  Another  at  same  place 
at  1:02  p.  M.,  quite  severe,  N.  to  S.,  4  sec.  duration,  no  damage 
done  (VI  ?),  S.  F.  Chronide,  Oct.  4. 

October  4,  P.  M. — Paso  Robles  :  slight  shock. — S.  F.  Report^ 
October  5. 

October  4,  11  P.  M. — San  Diego. — S.  F.  Bulletin^  October  5. 

October  5,  4h.  41m.  30s.±10s.^  A.  M — Chabot  Observatory: 
the  shock  was  suflScient  to  waken  a  sound  sleeper  (VI).  On 
the  duplex  seismometer  plate  the  trace  begins  with  a  tremu- 
lous motion  toward  the  W.,  followed  by  two  sharp  jerks  to  the 
S.  The  motion  of  the  earth  is  contrary  to  the  motion  of  the 
plate. 

October  23  ? — Lick  Observatory :  During  Mr.  Keeler's  ab- 
sence the  earthquake  instruments  were  in  charge  of  Mr.  Hill. 
On  October  23,  at  6  p.  M.,  I  noticed  that  the  earthquake  instru- 
ments were  in  their  usual  state.  I  also  noted  at  9  P.  M.,  October 
24,  that  a  shock  had  occurred  previously.  The  clock  dial  of 
the  earthquake  clock  is  divided  to  12  hours  (instead  of  to  24 
hours  as  it  should  have  been),  and  there  is  an  ambiguity  of  12 
hours  in  the  time  of  the  shock,  which  is  either 

October  23,  llh.  42m.  P.  M.,  or  October  24,  llh.  42m.  a.  m. — 
The  shock  was  sufficient  to  start  the  clock  of  the  Ewing 
seismograph,  but  the  plate  did  not  move.  The  duplex 
seismometer  plate  shows  a  tremulous  wave  in  the  direction 
N.E.  and  S.  W. 
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October  24,  2:50  A.  M.— East  Oakland  :  (V)  Mr.  Blinn'g 
Observatory.  The  duplex  seismometer  plate  shows  a  trace 
from  S.  to  N.  in  general  direction.  The  first  'trace  on  the 
plate  is  that  of  a  single  wave  about  2m.  in  amplitude 
(magnified  four  times)  followed  by  small  tremors. — Chabot 
Observatory :  the  plate  of  the  duplex  seismometer  shows  the 
first  wave  strongly  towards  the  N.E.  The  trace  of  this  wave 
(magnified  four  times)  is  a  straight  line  6"*"  long.  This  is 
followed  by  two  waves  of  the  earth  as  it  regained  its  original 
position.  The  motion  of  the  earth  is  contrary  to  that  of  the 
pen  on  the  plate. 

October  25,  in  the  night. — Mr.  Blinn's  Observatory.  The 
duplex  seismometer  gives  a  tremor,  and  the  general  direction 
of  the  trace  on  the  plate  is  8.E.  to  N.W. 

November  4,  3:36  A.  M. — Lick  Observatory  (VI). — E.  S.  H. 
Mr.  Barnard  gives  the  time  as  3h.  37im.,  plus  or  minus  \  m. 
The  duplex  seismometei  eives  a  very  complex  knot  of  curves 
ending  by  a  trace  on  the  plate  towards  the  o.W.  The  trace  on 
the  Milne  seismometer  (in  cellar  of  the  Meridian  Circle  House) 
cannot  be  interpreted,  as  the  instrument  had  just  been  set  up 
and  probably  was  not  adjusted  properly. 

Novemher  18,  2:28  P.  M. — S.  F.,  917  Pine  street :  two  shocks 
north  and  south  (VII)  registered  on  seismometer.  Another 
light  shock  at  5:38  P.  M.— J.  K.  J. — San  Eafael :  2:30  P.  M., 
K  and  S.— Oakland:  2:29  P.  M.;  one  chimney  fell  (VII?).— 
Berkeley:  2:28  P.  M.;  duration  7  sec;  a  third  shock  at  5:35 
p.  M.     (S.  F.  Examiner^  Nov.  19.) 

Lick  Observatory :  not  felt,  not  registered. — Chabot  Obser- 
vatory :  2h.  27m.  53s.,  very  sharp  shock ;  3:30,  slight ;  5h. 
37m.  20s.,  sharper  than  the  second  shock.  The  duration  was 
3  sec.  The  trace  on  the  duplex  seismometer  is  a  very  com- 
plicated circular  knot  of  5  to  6™°  diameter  (magnified  four 
times)  with  a  looped  excursion  of  the  pen  toward  the  east 
gram  from  the  center  of  the  knot,  and  another  straight  one 
from  the  center  to  the  W.S.W  ,  also  of  6'"°*.  All  three  shocks 
are  on  this  single  plate. — In  Oakland  no  real  damage  was  done. 
Two  or  three  chimneys  were  overthrown  and  panes  of  ^lass 
were  broken  (VI,  or  VII  ?).— East  Oakland  :  2:29  P.  M.,  N.  to 
S.,  duration  2  sec;  3:45  P.  M.,  very  light ;  5:36  P.  M.,  E.  to  W., 
duration  2  sec. — (S.  F.  Bnlhtin,  Nov.  19). — Napa  :  2:36  P.  M., 
duration  10  sec. — S.  F.  Chronide^  Nov.  19. — Haywards,  San 
Leandro,  Niles  :  not  felt. — Mr.  Burckhalter. — Clear  Lake :  not 
felt.— Capt.  R.  S.  Floyd. 

It  is  also  reported  by  Capt.  Edmundson  of  the  ship  "  Drum- 
lanrig,"  that  he  found  soundings  of  35  fathoms,  35  miles  S.W. 
of  the  Farallones  where  no  shoal  is  now  known  to  exist.  This 
point  will  be   determined  by  the   proper  authorities.     It  is 
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ipposed  by  some  that  the  shock  of  Nov.  18  may  have  pro- 
aced  this  shoal  which  is  not  down  on  the  charts. 

Sast  Oakland :  Mr.  Blinn's  Observatory.  The  first  shock 
as  severe  (VI)  lasting  about  two  seconds.  The  time  was  very 
>proximatelv  2h.  27m.  67s.  (Blinn).  Mr.  Irelan  gives  2h. 
rm.  54s.  Trees  and  hedges  were  seen  to  move.  A  tew  light 
•tides  were  overthrown,  pictures  were  displaced,  a  clock  was 
opped,  (its  pendulum  was  in  the  plane  N.E.  and  S.W.);  5 
limneys  were  thrown  down  on  23d  avenue  ;  a  noise  was  heard 
fter  the  first  shock.  The  second  shock  was  (II)  at  3:48  P.  M. 
he  duplex  seismometer  trace  is  a  loop  about  1™"  in  diametar. 
'he  third  shock  was  (III)  at  5h.  38m.  45s.  P.  M.  The  trace  on 
le  duplex  seismometer  begins  in  an  ellipse  2™"*  E.  and  W., 
"^  N.  and  S.,  and  then  there  is  a  confused  record  of  tremb- 
ng  3°^  N.W.  and  S.E.  by  1^°^  at  right  angles  to  this. 

December  11,  3:29  P.  M. — Lick  Observatory  :  the  shock  was 
adden  and  (IV)  in  intensity.  Time  by  watch  3h.  28m.  59s.  ; 
y  earthquake  clock  3h.  29im. — J.  E.  K.  A  humming  noise 
ras  heard  after  the  shocks.  There  were  two  such  at  an 
aterval  of  2  sec.  The  time  of  the  last  was  3h.  28m.  588.  plus 
r  minus  3  sec— E.  E.  B.     Intensity  (V),  time  8:28.8.— E.  S.  H. 

The  duplex  seismometer  gives  a  record  (magnified)  begin- 
ling  with  a  sharp  straight  trace  to  the  N.W.  3"™  long,  then  a 
traight  trace  to  the  N.K  If"™  long,  then  a  straight  trace  to 
he  N.W.  nearly  2™™  long,  and  at  the  end  of  this  the  pen 
ia«  recorded  a  confused  tremor  in  a  space  about  1™""  square. 
Che  record  of  the  Ewing  seismograph  is  as  follows :  (The 
idjustment  of  the  marking  pen  for  seconds  has  been  changed 
o  that  there  are  95  beats  of  the  pen  to  i  min.  of  time.) 

There  are  very  slight  vertical  tremors  for  the  first  three 
^eats  ;  they  then  vanish  completely.  Their  period  is  from  \ 
x>  -^  of  a  second  of  time  ;  their  double  amplitude  is  not  above 
|2^  of  a  millimeter. 

The  east  and  west  vibrations  last  only  for  two  beats  though 
the  faintest  perceptible  tremor  lasts  until  the  twentieth  beat 
after  the  beginning.  Their  greatest  double  amplitude  is  not 
above  \  a  millimeter,  and  their  period  appears  to  be  about  \  a 
second. 

The  north  and  south  vibrations  are  well  marked.  From  the 
zero  beat  (beginning)  until  1^  beats  there  are  marked  tremors. 
From  li  beats  to  4|  oeats  vibrations  having  a  double  amplitude 
of  about  one  half  a  millimeter,  and  a  period  of  about  ^  to  i  of 
a  second  time.  At  the  end  of  the  6th  beat  the  marked  tremors 
cease  and  a  very  faint  tremor  continues  to  the  end  of  the  20th 
beat,  and  possibly  to  the  end  of  the  33d  beat.  As  a  basis  of 
computation  we  may  assume  from  the  record  of  the  north  and 
south  component : 
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Double  amplitude  magnified  3*3  times  =0*5°^™. 

T  =0*3  seconds. 

v  =  'j^=l'1.  I=— =36. 

1  a 

This  corresponds  to  about  II  on  the  R.-F.  scale  according  to 
the  paper  frequently  cited  above.  The  intensity  was,  howevw, 
IV  or  higher. 


Art.  XLII. — Chemical  Action  between  Solids  /*  by  Williai 

Hallock. 

In  a  note  on  a  new  method  of  forming  alloys  published 
some  time  ago,t  I  suggested  some  additional  experiments  which 
I  intended  to  make,  and  I  now  give  the  results  tnus  far  obtaiDel 
Unfortunately  other  work  prevents  my  continuing  the  investi- 
gation at  present. 

Inasmuch  as  the  method  and  principle:^  seemed  well  estab- 
lished where  metals  were  used  to  produce  alloys,  an  attempt 
was  made  to  include  some  chemical  reactions  in  the  list  The 
most  natural  cases  were  the  freezing  mixtures  where  solid 
reagents  are  used.  In  order  to  surely  have  both  constituents  in 
a  decidedly  solid  state  the  experiments  were  performed  in  a 
vessel  cooled  to  a  temnerature  of  minus  10°  or  12°  C,  care 
being  always  taken  to  leave  the  reagents  in  the  vessel  long 
enough  for  them  to  assume  a  temperature  decidedly  below  zero 
Centigrade.  Under  these  conditions  a  crystal  of  rock  salt 
(NaCl)  and  a  piece  of  clean  dry  ice  were  gentlv  brought  in 
contact,  lying  side  by  side  on  a  watch  glass.  Of  course  the 
result  was  a  solution  of  salt,  but  old  as  this  experiment  may  be, 
it  appears  here  in  a  new  connection,  as  an  example  of  the  union 
of  two  solids  below  the  melting  point  of  either,  but  above  that 
of  the  product.  The  piece  of  ice  was  frozen  to  the  glass  and 
during  the  operation  the  crystal  was  drawn  several  mmimeters 
across  the  glass,  doubtless  by  capillarity,  as  the  solution  ran  ont 
at  the  bottom  of  the  surface  oi  contact  as  fast  as  it  formed, 
the  attraction  being  sufficient  to  move  a  crystal  several 
grams  in  weight. 

Similar  experiments  were  performed  with  sodium  and  potas- 

*  This  paper  was  read  in  part  before  the  Phil.  Soc  of  Waahingtoa,  D.  C, 
October  13th,  1888.  • 

f  W.  Hallock,  Zeitschr.  f.  Phys.  Chem.,  ii,  6,  1888.     Sdenoe,  xi,  265,  1888. 

X  0.  Lehmann  Wiedemann  Ann.,  xxiv,  p.  5,  1885,  sufrgested  the  theoretical 
possibility  of  producing  an  alloy  in  this  way.  I  had  overlooked  his  paper  onti) 
recently.  Mr.  Lehmann,  however,  evidently  did  not  consider  it  possible  to  /bUUl 
the  necessary  conditions  and  did  not  try  the  experiment. 
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im  nitrate,  potassium,  calcium  and  ammonium  chloride  and 
dium  and  potassium  hydrate,  with  a  similar  result  in  all  cases, 
lese  are  all  well  known  results,  but  wherein  do  they  differ 
nw  the  new  method  of  forming  alloys  ?  This  question  sug- 
sts  another.  Are  the  metals  combining  to  form  an  alloy  in 
e  new  way  a  freezing  mixture  ?     A  thorough  investigation 

this  question  would  require  more  complicated  experiments 
an  I  had  time  to  perform.  One  test,  however,  is  very 
nple,  that  with  potassium  and  sodium. 

Into  a  small  porcelain  crucible  weighing  15  grams  and 
ntaining  about  an  equal  weight  of  petroleum  were  placed 
eces  of  the  two  metals,  about  3  grams  of  each.  One 
nction  of  a  thermo-element  was  forced  into  the  piece  of 
►tassium  and  gave  its  temperature  accurately.  After  the 
bole  had  assumed  the  room  temperature,  clean  faces  of  the 
^o  metals  were  brought  in  contact,  the  liquefaction  began  and 
e  temperature  immediately  fell.  It  required  about  two 
mrs  to  complete  the  liqueiaction  and  about  one  and  a  half 
)urs  to  attain  the  minimum  of  temperature.  No  precautions 
ere  taken  to  prevent  the  calorimeter  taking  up  heat  from  its 
rroundings,  and  no  doubt  it  absorbed  considerable  in  the  long 
ne,  and  yet  the  maximum  fall  in  temperature  amounted  to 
4°  C,  very  large  considering  the  small  weight  of  the  reagents 
mpared  with  the  calorimeter.  Thus  it  appears  that  sodium 
id  potassium  are,  under  such  circumstances,  a  "  freezing  mix- 
re,"  and  analogy  at  least  would  lead  one  to  believe  that 
her  alloys  also  absorb  heat  in  their  formation ;  but  future 
:periment  must  decide  the  point 

In  the  cool  vessel  above  described  a  piece  of  sodium  or 
►tassium  was  placed  upon  a  piece  of  dry  ice,  almost  instantly 
e  reaction  commenced  ana  proceeded  vigorously.  It  is, 
►wever,  scarcely  safe  to  consider  this  a  case  of  chemical 
tion  between  solids,  because  the  reaction  is  probably  as 
Hows  :  the  vapor  from  the  ice  attacks  the  metal  forming  the 
drate  which  unites  with  other  ice  forming  a  solution,  wliich 

then  further  acted  upon  by  the  metal,  and  in  the  whole 
ocess  heiit  is  generated  sufficient  to  raise  the  temperature  of 
e  reagents  very  considerably.  Perhaps  in  the  other  freezing 
ixtures,  ice  and  salt,  etc.,  it  is  the  vapor  of  the  water  or  ice 
lich  initiates  the  reaction. 

In  view  of  these  and  other  considerations,  the  idea  is  evident 
at  perhaps  many,  substances  have  a  slight  vapor,  tension  at 
mperatures  considerably  below  their  melting  points,  and  are 
rrounded  by  a  thin  atmosphere  of  their  own  vapor  over  their 
3an  surfaces,  and  it  is  only  necessary  to  bring  two  such  atmo- 
heres  to  interpenetration  in  order  to  initiate  the  reaction  which 

Am.  Jour.  Sci.— Third  Series,  Vol,  XXXVII,  No.  221.— Mat,  1889. 
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will  then  continue,  provided  the  product  (liquid  or  gafi)  escapes 
easily  and  does  not  clog  the  operation,  in  very  many  caaes 
substances  are  found  to  give  off  a  vapor  below  their  melting 
point,  and  it  is  natural  to  suppose  that  there  is  a  film  of  that 
vapor  over  the  surface  of  the  body,  as  there  is  a  layer  of  satu- 
rated air  over  water.  The  mechanical  theory  of  the  composition 
of  matter  lends  plausibility  to  the  above  suggestion.  If  these 
considerations  are  correct  they  foretell  the  regelation  of  sub- 
stances like  camphor  and  ice,  without  any  pressure  whatever. 
That  loose  pieces  of  camphor  will  become  welded  together  by 
simple  contact  is  well  known.  The  operation  appears  to  me 
thus:  In  an  irregular  mass  of  camphor  in  an  atmosphere  of 
'  camphor  vapor,  there  is  a  constant  interchange  of  stat^  for 
the  molecules  at  the  surfaces  of  the  solid,  molecules  previ- 
ously solid  are  getting  too  far  off  and  becoming  gas,  and 
molecules  previously  gas  are  beating  upon  the  solid  and  staying 
there,  thus  the  state  of  equilibrium  is  when,  as  a  whole,  tiiere 
are  as  manv  molecules  which  fly  off  and  become  ^as  as  fly  on  and 
become  solid.  On  a  projecting  point  of  the  solid  the  chances 
are  in  favor  of  more  flying  off  than  on,  in  a  reentrant  angle 
the  reverse  is  true.  Theoretically,  then,  the  piece  ought  ulti- 
mately to  become  a  sphere,  not  only  by  the  rounding  down  of 
the  corners,  but  by  the  building  up  of  the  flat  or  reentrant 
sides.  That  the  corners  do  round  off  all  know.  If  this  is  all 
true  we  only  need  to  bring  the  two  pieces  together  and  con- 
sider them  as  one  and  the  crack  between  them  as  a  reentrant 
angle,  and  the  union  is  brought  about  as  above  indicated.  If 
in  the  above  the  word  liquid  be  substituted  for  vapor  or  ga?, 
the  explanation  wall  apply  to  the  regelation  of  ice  in  water 
at  0°  C. 

We  may  go  even  further  and  predict  a  uniting  without  act- 
ual contact  and  this  prediction  has  been  experimentally  demon- 
strated in  the  case  of  ice  and  water.  A  laree  rough  block  of 
ice  (about  15  lbs.)  was  sawed  nearly  in  two,  the  slit  washed  out 
and  all  the  fine  pieces  removed.  In  this  way  it  was  possible  to 
hold  two  plane  surfaces  of  ice  parallel  and  near  each  other  (1  to 
gmm^  without  danger  of  actual  contact.  Into  the  outer  edge  of 
the  saw-cut  a  cotton  wick  was  pressed,  thus  isolating  the  space 
between  the  faces  from  the  outside  and  preventing  any  currents 
from  circulating  through  the  crack.  The  whole  block  was  then 
placed  in  water  at  zero  and  enclosed  in  non-conducting:  cases 
and  left  for  25  to  30  hours.  This  experiment  was  tried  three 
times  and  each  time  a  freezing  across  tne  space  had  taken  place. 
The  whole  space  was  not  filled,  but  in  numerous  places  notably 
along  just  inside  the  wicking  and  up  from  the  bottom  of  the 
cut.  No  doubt  the  regelation  would  have  gone  further  if  the 
experiment  could  have  been  continued  longer.     The  melting  of 
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he  whole  block  puts  an  end  to  each  experiment.  As  these  ex- 
periments were  performed  in  summer  tnere  is  scarcely  a  possi- 
)ility  that  the  ice  was  colder  than  0°  C. 

Inasmuch  as  there  seems  to  be  an  increasing  inclination  to 
•egard  solutions  and  alloys  as  chemical  compounds  it  seems 
ustified  to  speak  of  the  action  according  to  the  alloy  law  as 
ihemical.  On  the  other  hand  there  are  some  cased  which  at 
irst  appear  as  chemical  action  between  solids  which  upon  closer 
nvestigation  can  be  explained  on  a  simpler  assumption. 

For  example,  Mr.  W.  Spring*  in  a  recent  paper  on  this  sub- 
ect  cites  three  particular  cases  as  being  chemical  action  be- 
ween  solids,  the  union  of  copper  and  sulphur,  the  reaction 
)etween  copper  and  mercuric  chloride,  and  between  potassium 
litrate  and  sodium  acetate. 

The  formation  of  the  sulphide  of  copper,  and  other  sulphides, 
W2A  accomplished  by  Mr.  Spring  by  compression  of  tne  ele- 
nents.  But  it  is  not  even  necessary  that  the  sulphur  and 
jopper  be  in  contact.  I  have  made  the  sulphide  at  ordinary 
emperatures  with  the  two  an  inch  apart  ana  a  wad  of  cotton 
n  the  tube  between  them.  It  is  simply  the  vapor  of  sulphur 
vhich  attacks  the  copper.  That  sulphur  gives  on  a  perceptible 
rapor  at  ordinary  temperatures,  especially  in  vacuo,  is  a  fact  any 
>ne  can  easily  demonstrate.  The  case  of  the  copper  and  mer- 
curic chloride  is  precisely  the  same.  The  vapor  of  the  chloride 
vill  go  through  a  whole  tube  past  cotton  wads  and  attack  the 
jopper  (or  color  potassic  iodide).  Hence  we  can  scarcely  assert 
hat  these  reactions  are  between  solid  bodies.  The  reaction 
)etween  potassium  nitrate  and  sodium  acetate  is  equally  uncon- 
rincing.  Mr.  Spring  expected  an  interchange  of  bases  and 
icids  and  left  the  mixture  of  the  dry  fine  powders  four  months 
n  a  desiccator  to  give  time  for  the  exchange.  On  removing 
hem  from  the  desiccator  a  deliquescence  was  noticeable  and  he 
herefore  concludes  that  the  interchange  had  taken  place,  since 
he  original  salts  do  not  easily  deliquesce ;  but  the  product  of 
he  reaction  (potassium  acetate)  does.  It  appears  to  me  thus : 
he  moment  the  powders  were  brought  to  the  air,  the  water 
rapor  enters  the  operation  and  we  have,  potassium  nitrate,  water 
^'apor,  and  sodium  acetate,  and  the  result  of  their  mutual  in- 
eraction  is  a  solution  of  potassium  acetate  and  sodium  nitrate. 
In  fact  if  the  dry  powdered  salts  are  stirred  together,  in  a  very 
:ew  moments  deliquescence  begins,  showing  that  whatever  the 
•eaction  it  goes  on  at  once,  and  is  a  matter  of  moments  and 
lot  of  months.  Thus  even  this  experiment  in  its  present  form 
loes  not  convince  us  that  a  chemical  exchange  took  place  before 
he  water  vapor  entered  the  reaction. f 

*W.  Spring,  Zeitschr.  fiir  phys.  Chemie,  ii,  p,  536,  1888, 
f  See  note  on  p.  406. 
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The  question  of  chemical  action  between  solids  is  by  no 
means  new  but  is  being  constantly  extended.  I  may  say  I  be- 
lieve chemical  action  may  take  place  wherever  the  product  or 
products  are  liquid  or  gaseous  even  though  the  reagents  are  solid, 
with  perhaps  tlie  added  condition  that  one  or  both  the  reagents 
be  soluble  in  the  liquid  produced.  If  this  be  true  my  new 
method  of  forming  alloys  is  but  a  special  case  of  the  above 
general  principle.* 

Phys.  Lab.  U.  S.  Geological  Survey,  WaahiDgton,  D.  C. 


SCIENTIFIC    INTELLIGENCE. 
I.    Chemistry  and  Physics. 

If.  On  the  Spectrum  of  Magnesium, — Livking  and  Dewab  have 
studied  the  spectrum  of  magnesium  produced  by  the  arc  dis- 
charge. Most  of  the  lines  produced  by  the  spark  discharge  are 
observed  in  an  electric  arc  formed  between  electrodes  of  magn^ 
sium.  The  greater  number  of  lines  seen  in  the  arc  discharge,  how- 
ever, may  be  due  not  to  lowness  of  temperature  but  to  the  greater 
mass  of  incandescent  matter  and  lo  a  wider  range  of  temperatare 
at  different  portions  of  the  discharge,  recombinations  occarring 
at  its  edge.  The  electnc  discharge  itself  may  also  give  rise  to 
vibrations  distinct  from  those  due  to  heat.  The  seven  bands  in 
the  green  are  due  to  the  oxide,  as  they  are  produced  only  in  the 
presence  of  oxygen  or  of  its  compounds.  If  a  piece  of  burned 
magnesium  wire  be  heated  in  the  oxyhydrogen  flame,  the 
spectrum  of  magnesium  is  produced,  the  metallic  lines  appearing 
if  the  hydrogen  is  in  excess.  The  triple  line  near  M,  which  is  pro- 
duced when  magnesium  is  burned,  is  found  to  be  produced  in  the 
arc  between  magnesium  electrodes  and  in  many  other  cases  when 
oxygen  is  present,  but  not  in  an  atmosphere  of  nitrogen  or  hydro- 
gen ;  hence  it  is  due  to  the  oxide.  Vacuum  tubes  are  found  to  he 
very  untrustworthy  for  the  ultra-violet  spectra  as  the  water- 
spectrum  and  lines  of  nitrogen  are  nearly  always  present  and  the 
spectra  sometimes  vary  unaccountably.  The  authors  describe  in 
their  paper  a  pump  in  which  rubber  connections  and  free  contact 
of  mercury  with  air,  are  both  avoided. — /Voc.  Roy.  Soc^  xliv, 
241  ;  J.  Chem.  Sac,  Ivi,  89,  February,  1889.  g.  r.  b. 

2.  On  a  Lecture  Exjyerbnent  for  showing  RaouWa  Molecular 
depre8si07i  of  the  Freezing  Point. — Cimician  has  described  an 
apparatus  for  showing,  as  a  lecture  experiment,  Raoult's  law  of 
the  lowering  of  the  freezing  point.  A  large  test  tube,  2*5  era.  in 
diameter   and  16  cm.  high,  is  used  to  contain  the  solution,  which 

*  Experiments  endeavoring  to  produce  curbon  disulphide  from  the  elements  At 
ordinary  temperatures  are  in  hand  and  give  promise  of  positive  results.  Alsoei* 
periments  on  the  interaction  of  potassium  nitrate  and  sodium  acetate  have  beeo 
started ;  it  will  however  be  sometime  before  further  results  cao  be  given. 
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16  placed  in  a  large  beaker  and  surrounded  with  a  freezing  mix- 
ture of  ice  and  Bait.     Within  this  test  tube  is  the  bulb  of  an  air 
thermometer  cylindrical  in  form,  12  cm.  long  and  1*6  cm.  in  diam- 
eter, the  tube  of  which,  about  10  cm.  long  and  1'6  mm.  in  bore, 
is  bent  twice  at  right  angles,  its  end  dipping  in  a  vessel  of  colored 
-water.     Upon  the  larger  upright  portion  of  this  tube  two  bulbs 
are  blown  to  act  as  safety  bulbs  ;  one  near  the  top  to  prevent  the 
liquid  from  passing  over  into  the  thermometer-cylinder  on  con- 
traction and  the  other  near  the  bottom  to  prevent  the  escape  of 
any  air  from  the  thermometer  when  it  is  heated.      The  freezing 
point  of  water  is  first  obtained  with  the  apparatus.     For  this  pur- 
pose the  test  tube  is  filled  with  distilled  water,  the  thermometer 
bulb  inserted  into  it,  the  whole  placed  in  the  freezing  mixture  and 
the  water  constantly  agitated  by  means  of  a  stirrer.    The  column 
of  colored  water  rises  in  the  tube  as  the  cooling  goes  on,  reaching 
at  first  a  higher  than  the  normal  point,  owing  to  surfusion,  but 
suddenly  falling  to  this  as  soon  as  the  formation  of  ice  begins, 
remaining  then  stationary.      The  motion  of  the  column  can  be 
readily  seen  throughout  an  ordinary  lecture  room,  the  position  of 
rise  being  indicated  on  an  attached  scale  or  marked  with  a  slip  of 
paper.     If  now  the  experiment  be  repeated  with  various  solutions 
each   containing  in  the  same  quantity  of  water  (say  100  c.  c.) 
molecular  quantities  of  different  organic  substances,  it  will  be 
observed  that  the  height  of  the  colored  column,  while  approxi- 
mately the  same  in  each  case,  is  always  greater  than  when  pure 
water  is  used.     With  solutions  of  34'2  grams  cane  sugar,  18*2 
grams  mannite,  5*8  grams  acetone,  6*0  grams  glacial  acetic  acid, 
m  100  c.  c.  water  for  example,  the  difference  in  height  is  several 
centimeters  and  is  therefore  visible  from  a  considerable  distance. 
The  solutions  may  be  prepared  during  the  lectures  and  in  this 
way  it  can  be  clearly  demonstrated  that  isotonic  solutions  cause 
the   same  depression   of  the   freezing  point.     The  difference  is 
greater  if  an  electrolyte  be  used.     In  a  solution  of  6*85  grams 
sodium  chloride  in  100  c.  c.  water,  this  difference  is  nearly  twice 
that  obtained    with    the   organic   solutions. — Ber.   JBerl.    Chem. 
Ges.,  xxii,  31,  January,  1889.  g.  f.  b. 

3.  0?i  Chydrazdine  or  Protoxide  of  Ammonia, — Maumbn^ 
has  described  a  gas  obtained  by  the  action  of  permanganic  acid 
upon  ammonium  oxalate,  to  which  he  has  given  the  formula 
N,HgO  and  the  name  chydrazalne.  To  prepare  it,  158  grams  of 
potassium  permanganate,  141*2  grams  crystallized  ammonium 
oxalate  and  sulphuric  acid  equivalent  to  40  grams  SO,,  are  mixed 
in  a  flask  holding  6  liters  and  heated  to  i  00^  on  a  water  bath.  A 
second  inverted  flask  placed  above  the  first  acts  as  a  condenser; 
and  a  tube  from  this  conducts  the  evolved  gas  into  an  acid  where 
it  is  condensed,  nitrogen  only  escaping.  In  the  inverted  flask 
beautiful  crystals  of  chydrazalne  bicarbonate  are  deposited.  If 
'  hydrogen  chloride  be  used  to  absorb  the  gas,  the  liquid  yields 
on  evaporation  the  hydrochlorate  in  minute  crystals,  very  soluble 
in  water,  scarcely  soluble  in  alcohol.  The  sublimed  hydrochlorate 
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afforded  on  analysis  the  formula  N,H,0(HC1),,  bat  the  crystals 
dried  by  means  of  the  anhydrous  salt,  contained  one-fifteenth  of 
their  weight  of  water.  When  mixed  with  platinic  chloride,  vari- 
ous double  salts  are  obtained,  according  to  the  proportions. 
When  the  chydrazalne  hydrochlorate  is  in  excess  a  yellow  salt  is 
obtained,  differing  in  appearance  from  the  double  salt  of  ammo- 
nium, and  having  the  formula  N,H,0 .  H^PtCl,.  With  an  excess 
of  the  platinum  chloride,  the  platinum  m  the  salt  is  increased 
The  sulphate  is  obtained  in  minute  crystals,  soluble  in  water  and 
in  alcohol.  Mixed  with  aluminum  sulphate,  it  forms  an  alum 
crystallizing  in  octahedrons.  The  nitrate  crystallizes  readily; 
but  during  evaporation,  nitric  acid,  nitrous  oxide,  nitrogen  and 
the  substance  H,N,  are  evolved. — Bull.  Soc.  Ch,^  II,  xhx,  850; 
J.  Chem,  Soc.y  Ivi,  14,  January,  1889.  g.  f.  b. 

4.  On  a  new  Stannic  acid, — Spring  has  described  a  new 
stannic  acid  obtained  by  the  action  of  barium  peroxide  upon  stan- 
nous chloride.  For  this  purpose  a  saturated  solution  of  stannoos 
chloride' in  water,  containing  hydrogen  chloride,  is  treated  with 
an  excess  of  barium  peroxide  at  the  ordinary  temperature,  the 
peroxide  being  produced  by  precipitating  hydrogen  peroxide 
with  barium  hydrate.  A  turbid  liquid  is  obtained  which  cannot  be 
obtained  clear  either  by  subsidence  or  filtration.  By  dialyxing 
out  the  barium  chloride  formed,  which  in  the  author's  experiments 
required  three  months,  and  by  evaporating  on  the  water  bath,  the 
white  colloidal  jelly  becomes  a  white  mass,  corresponding  on 
analysis  to  the  formula  H,Sn,0^.  In  the  analysis  both  the  water 
and  the  oxygen  were  directly  determined.  The  author  calls  it 
hyperstannic  acid  and  regards  it  as  proof  of  the  existence  of 
hyperstannic  oxide,  SnOg. — JBulL  Soc.  CAem.,  II,  li,  180,  February, 
1689.  G.  F.  B. 

5.  On  Ethyl  Fluoride. — Moissan  has  produced  ethyl  fluoride 
by  allowing  ethyl  iodide  to  drop  slowly  upon  silver  fluoride  con- 
tained in  a  brass  vessel,  care  being  taken  to  moderate  the  tem- 
perature. By  means  of  a  lead  w(»rm  above  the  vessel  cooled  to 
—  20°,  the  volatilized  ethyl  iodide  is  condensed  and  returned  to  the 
silver  salt;  the  last  traces  of  the  iodide  being  removed  by  pass- 
ing the  product  over  silver  fluoride,  and  then  collecting  it  over 
mercury.  As  thus  obtained  ethyl  fluoride  is  a  colorless  eas  of 
specific  gravity  1*70,  having  an  agreeable  ethereal  odor.  Under 
normal  pressure  it  liquefies  at  — 48°,  and  under  eight  atmospheres 
at  19°.  By  suddenly  diminishing  the  pressure  it  may  be  solidi- 
fied. Water  dissolves  1*98  volumes  of  it  at  14°.  Ethyl  iodide 
dissolves  14'8  volumes.  Ethyl  bromide,  ether  and  alcohol  also 
dissolve  it  freely,  the  gas  being  expelled  unaltered  on  heatini^. 
The  gas  is  dissolved  also  by  concentrated  sulphuric  acid.  It 
burns  with  a  blue  flame  which  becomes  green  when  small  quanti- 
ties of  methyl  or  ethyl  chloride  are  present.  When  mixed  with 
a  small  quantity  of  oxygen  it  burns  with  a  bright  flame ;  with 
an  excess  of  oxygen  it  explodes  violently  when  ignited.  Healed 
to  108°  in  scaled  tubes  with  potash  solution  it  yields  potassiom 
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aoride,  alcohol  and  ether.  Chlorine  has  no  action  on  ethyl 
aoride  in  the  dark. —  C,  E.,  cvii,  260;  J.  Chem.  Soc.y  liv,  1262, 
►ecember,  1888.  g.  f.  b. 

6.  Chemical  Lecture  Notes ;  by  Peter  T.  Austen,  Ph.D., 
.C.S.,  etc.  12mo,  pp.  98.  New  York,  1888  (John  Wiley  ifc 
3ns). — ^This  little  book,  as  the  author  tells  us  in  his  preface,  is 
simply  a  collection  of  notes  and  observations  on  certain  topics 
hicb  experience  as  a  teacher  has  shown  me  oflen  give  the  stu- 
ent  more  or  less  trouble."  Although,  as  he  says,  "  no  particular 
rder  has  been  observed  in  the  arrangement  of  the  topics,"  yet 
le  information  given  seems  accurate,  and  the  book  is  likely  to  be 
r  use  for  those  for  whom  it  is  intended.  g.  p.  b. 

7.  An  Elementary  Text-hook  of  Chemistry  ^  by  Wm.  G.  Mix- 
er, Professor  Chem.  Sheffield  Scientific  School  of  Yale  Univer- 
ty.  469  pp.  12mo.  New  York  (John  Wiley  &  Sons).— This 
lementary  work  on  Chemistry,  prepared  by  Professor  Mixter  for 
se  in  schools  and  colleges,  presents  the  general  facts  and  princi- 
les  of  the  science  under  a  succinct  form  and  a  sensible  arrange- 
lent  well  adapted  for  its  purpose.  After  brief  explanations  of 
le  subjects  connected  with  the  physics  of  chemistry,  including 
rystallography,  it  introduces  the  student  gradually  to  the  prin- 
iples  of  chemistry  through  descriptions  of  some  of  the  more  com- 
lon  elements  and  their  compounds,  along  with  directions  for  sim- 
le  chemical  experiments.  By  this  means  the  way  is  prepared  for 
nderstanding  the  explanations  of  principles  as  they  are  succes- 
vely  brought  out,  and  the  definitions  of  atomic  weight,  valence, 
ases,  acids,  salts.  Finally,  in  the  closing  chapters  of  the  volume, 
fter  the  elements  and  their  more  prominent  compounds  have 
een  described,  the  Atomic  Theory  and  the  Periodic  law  in 
tomic  weights  are  explained.  The  volume  is  handsomely  printed 
nd  the  illustrations  are  excellent. 

8.  Rays  of  Electric  Force. — The  experiments  of  Hertz  con- 
inue  to  excite  great  attention  in  Europe.  He  has  lately  repeated 
is  experiments  with  oscillations  ten  times  as  rapid  as  those  he 
)rmerly  employed  and  with  waves  more  than  ten  times  as  short 
s  those  first  discovered.  He  has  succeeded  in  producing  distinct 
iys  of  electric  force  and  has  repeated  the  elementary  experi- 
lents  of  light  and  radiant  heat,  such  as  reflection,  refraction,  and 
olarization. — Annalen  der  Physik,  No.  3,  1 889.  j.  t. 

9.  Rotation  of  plane  of  polarization  of  light  by  the  discharge 
f  a  Ley  den  jar, — Dr.  Oliver  Lodge  takes  a  piece  of  heavy 
lass  (or  a  tube  of  CS,  a  yard  long)  and  surrounds  it  by  four 
irge  helices  containing  about  80  yards  of  gutta  percha  covered 
'ire.  No.  16.  On  passing  the  discharge  from  a  battery  of 
3veral  jars  and  having  arranged  suitable  polarizing  arrange- 
lents,  the  field  flashes  out  in  a  brilliant  manner.  The  effect 
icreases  in  direct  proportion  to  the  capacity  of  the  Leyden  jars 
m ployed.  It  was  found  that  OS,  was  able  to  show  the  effect 
'ben  the  alternations  of  the  spark  were  70,000  per  second.  The 
ffect  is  practically  instantaneous.     The  analyser  of  the  polarizing 
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apparatus  is  set  to  as  near  darkness  as  possible.  The  trace  of 
residual  light  is  received  upon  a  rotating  mirror,  by  which  it  is 
spread  out  into  a  faint  band  ;  on  then  sending  sparks  through  tbe 
coil  round  the  tube  of  CS,  the  band  brightens  and  presents  a 
distinctly  beaded  appearance  at  every  spark.  Rotating  ibe 
analyzer  a  little,  every  alternate  bead  grows  fainter,  while  the 
other  alternate  ones  brighten,  thus  proving  most  directly  the 
•oscillatory  character  of  the  light  and  of  the  Leyden  jar  discharge'. 
— Fhil.  Mag.,  April,  1889,  pp.  339-349.  J.  t^ 

10.  On  Limit  to  Interference  when  Light  is  radiated  from 
movi7ig  Molecules. — In  the  Annalen  der  Physik  und  Cbemie,  No. 
2,  1889,  Ebeet  discusses  the  application  of  Doppler's  principle 
to  the  radiation  from  the  moving  molecules  of  an  incandescent 
gas  and  arrives  at  the  conclusion  that  the  widths  of  the  spectral 
lines,  calculated  upon  the  basis  of  the  principle,  are  much  greater 
than  is  consistent  with  experiments  upon  interference  with  ^ 
large  relative  retardation.  Lord  Rayletgh  remarks  "  that  unless 
this  discrepancy  can  be  explained  the  dynamical  theory  of  gases 
has  received  a  heavy  blow  from  which  it  could  with  ^difficulty 
recover.  If  it  be  true  that  a  gas  consists  of  molecules  in  irregular 
motion,  and  that  for  the  most  part  each  molecule  radiates  inde- 
pendently, there  seems  no  escape  from  the  conclusion  that  the 
character  of  the  aggregate  radiation  must  be  governed  by  Dop- 
pler's principle."  Lord  Rayleigh  therefore  examines  the  subject 
from  a  mathematical  point  of  view,  and  does  not  find  the  dis- 
crepancy pointed  out  by  Ebert.  In  the  analysis  Lord  Rayleigb, 
however,  acknowledges  that  certain  assumptions  have  been  made, 
and  regards  the  question  of  very  great  interest  and  trusts  that 
Ebert  will  continue  his  research. — Phil.  Mag.,  April,  1889,  pp. 
298-304.  J.  T. 

11.  Selective  Reflection  by  Metals. — At  a  meeting  of  the  Phys- 
ical Society  in  Berlin,  March  8,  Dr.  Reubens  described  some 
experiments  upon  this  subject.  The  light  emitted  from  an  in- 
candescent plate  of  zirconium  was  concentrated  by  a  lens  on  a 
mirror  surface  of  the  metal  under  investigation,  and  the  reflected 
rays  were  then  allowed  to  fall  into  a  spectroscope  with  flint  glass 
prism,  whose  eye-piece  had  been  replaced  by  a  bolometer.  Tbe 
mirror  was  then  replaced  by  the  glowing  zirconium,  in  such  a 
way  that  the  rays  of  light  coming  from  the  point  previously 
occupied  by  the  mirror  pursued  the  same  course  as  in  the  first 
experiment.  The  intensity  of  light  was  measured  from  near  F, 
in  the  blue,  to  2/<  in  the  red.  It  was  found  that  silver  possesses 
for  blue  rays  a  very  considerable  reflective  power,  which  reaches 
its  maximum  in  the  red  and  remains  constant  for  rays  of  the 
greatest  wave-length.  Gold  possesses  a  much  smaller  reflective 
power  for  blue  and  green  rays ;  this  rises  to  a  maximum  in  the 
yellow  and  falls  toward  the  red.  Copper  reflects  the  blue  and 
green  rays  even  less  than  gold  does ;  its  reflective  power  increases 
rapidly  into  the  red,  and  then  somewhat  more  slowly.  In  the 
ultra  red  it  reaches  the  point  of  silver.    Iron  and  nickel  gf.ve  very 
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similar  ourves  without  reaching  the  maximum  poiuts  attained  by 
^old  and  silver.  It  is  possible  to  deduce  the  dispersive  power  of 
the  metals  and  to  compare  their  indices  of  refraction  with  those 
experimentally  determined  by  Kundt.  The  agreement  has  been 
found  in  most  cases  to  be  close. — Nature^  April  4,  1889,  p.  652. 

J.  T. 

XL    Geology  and  Mineralogy. 

1.  JRecent  discovenes  in  the  Carboniferous  Flora  and  Fauna  of 
Hhode  Island, — During  the  past  spring  (1888)  the  museum  of 
Brown  Univei'sity  was  enriched  by  the  donation  of  a  valuable 
collection  of  fossil  plants  presented  by  the  Rev.  Edgar  F.  Clarke 
of  Providence,  R.  L,  who  found  them  in  a  thin  layer  of  car- 
bonaceous shale  at  Pawtucket.  These  were  sent  to  Prof.  Leo 
Xicsquereux  for  identification.*  Besides  the  plants,  several  fossil 
cockroaches  of  two  genera,  and  the  remains  of  an  Arthrogastrous 
Arachnidan  of  the  genus  Architarbus,  have  been  found  by  Mr. 
Henry  Skolfield  and  others  in  the  Pawtucket  bed.  These  are  in 
.Mr.  Scudder's  hands  for  description.     In  addition  Mr.  Skolfield 

has  been  fortunate  enough  to  discover  in  the  same  beds  the 
impression  of  ^n  Annelid  worm,  several  shells  of  Spirorbis,  and 
what  appears  to  be  the  track  of  a  gastropod  mollusc ;  he  has 
kindly  placed  these  in  the  hands  of  the  writer  for  examination. 

It  will  be  remembered  that  until  very  recently  no  animal 
remains  had  been  known  to  exist  in  the  beds  of  the  Rhode  Island 
coal  basin,  but  now,  chiefly  through  the  zeal  and  industry  of  Mr. 
Clarke,  there  have  been  discovered  representatives  of  the  class  of 
worms,  molluscs,  arachnids  and  insects ;  while  the  age  of  the 
beds  has  been  established  with  a  greater  degree  of  certainty  than 
eTer  before.  Mr.  Lesquereux,  in  a  letter  to  the  undersigned, 
remarks :  "  These  specimens  taken  altogether  are  interesting  as 
indicating,  more  than  any  other  lot  of  fossil  plants  of  Rhode 
Island  I  nave  seen,  the  stratigraphical  relation  of  your  coal  strata 
to  those  of  the  part  of  the  Anthracite  measures  of  Pennsylvania, 
where,  even,  I  have  not  observed  such  a  predominance  of  species 
of  Odontopteris,  typically  allied  to  those  described  by  Fontaine 
and  White  from  the  Upper  Carboniferous  of  Pennsylvania." 

Providence,  Aug.  18,  1888.  A.   8.   PACKARD. 

2.  Annual  Report  of  the  Geological  Survey  of  Arkansas  for 
1888;  by  John  C.  Braxnkr,  Ph.D.,  State  Geologist.  320  pp. 
8  vo.  Little  Rock,  Arkansas,  1888. — The  first  volume  of  this 
Geological  Report,  contains,  besides  the  administrative  report  of 
Professor  Branner,  a  report  on  the  geology,  and  especially  the 
economic  geology,  of  the  central  western  part  of  Arkansas  by  Dr. 
T.  B.  Comstock.  The  geological  results  are  mostly  deferred  to 
another  volume,  while  the  various  mining  regions  and  their 
products  are  described  with   fullness.      Two   maps   accompany 

♦  The  list  of  plants  received  from  Prof.  Packard  will  be  found  on  page  229  of 
this  volume.     This  note  should  have  accompanied  it. 
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the  report,  showing  the  positions  of  mines,  hot  springs,  and  gci- 
eral  features  of  the  coantry,  and  also  give  the  courses  of  a  dob- 
ber  of  anticlines  in  the  stratified  rocks.  The  cooise  on  tk 
map  for  the  principal  system  of  anticlines  is  about  N  75*^  E,  and 
for  another,  in  Garland  Co.,  less  prominent  about  N  20'*  £.  TTie 
interesting  fact  is  brought  out  that  black  shales  and  earth  ii 
Garland,  Montgomery,  fitot  Spring  and  Polk  counties,  in  whick 
thermal  springs  formerly  existed,  contain  much  graphite,  tad 
that  the  graphitic  earth  is  used  in  paint  manufacture.  The  vtla- 
able  report  closes  with  a  list  of  the  minerals  in  central  western 
Arkansas.  This  first  volume  is  to  be  followed  by  three  others  :  tlie 
second^  by  Prof.  R.  T.  Hill,  on  the  Mesozoic  geology ;  the  thirif 
by  Mr.  A.  Winslow,  on  the  geology  of  a  part  of  the  Coal  re- 
gions ;  and  a  fourth,  to  consist  of  reports  on  Little  Rock,  Magnet 
Cove  and  other  localities,  besides  a  chemical  and  a  topographical 
report. 

3.  The  Cretaceous  and  Tertiary  Geology  of  the  Sergipt 
Alagdas  basin  of  Brazil ;  by  John  Q.  Bbannsb,  Ph.D.  pp.  369 
to  434  of  vol.  xvi  of  Trans.  Amer.  Phil.  Soc,  1889,  with  Plates  I 
to  V. — This  valuable  memoir  by  Dr.  Branner  is  based  on  obeo^ 
vations  made  by  him  in  the  years  1875,  1876,  while  assistant 
geologist  in  the  Geological  Snrvey  of  Brazil.  The  author  favore 
the  view  that  the  Mesozoic  rocks  of  the  region  are  Cretaceous, 
and  identical  with  the  coastal  Cretaceous,  opposing  the  view  of 
Mr.  Derby.  The  Tertiary  sand-beds  are  described  as  in  part 
changed  to  quartzyte;  not  by  ordinary  metamorphic  method.^ 
but  as  a  result  of  weathering  or  through  the  action  of  the  rains 
and  beat  of  the  climate.  The  solid  "  glassy  quartzyte  *'  in  some 
places  projected  out  in  blocks,  when  but  a  few  feet  within  the 
material  was  only  sand  partially  consolidated,  and  in  the  interval 
the  firmness  increased  toward  the  surface. 

4.  Tertiary  Volcanoes  of  the  Western  Isles  of  ScoUandL— 
Prof.  J.  W.  Judd  has  a  notice  of  Dr.  Geikie's  memoir  on  this 
subject  in  the  Geological  Magazine  for  February,  on  p.  91.  He 
refers  to  the  views  in  his  paper  of  1874,  on  the  Ancient  Volcanoes 
of  the  Highlands,  and  states  that  while  Dr.  Geikie  agrees  with 
him  in  several  of  his  conclusions,  he  does  not  in  two,  he  holding 
(I)  that  the  ejection  of  the  "felstone"  lavas  and  the  intrnsion 
of  the  granites  preceded  the  appearance  of  the  basalts  and 
gabbros ;"  and  (2)  "  that  the  five  centers  of  eruption  mark  the 
sites  of  as  many  great  volcanic  cones  now  ruinea  and  dissected 
by  denudation."  In  opposition  to  the  latter  view,  Dr.  Judd 
pointed  out  in  his  paper,  as  he  states,  "  that  the  numbers  and 
dimensions  of  the  Tertiary  dykes  are  not  such  as  would  warrant 
us  in  inferring  that  they  formed  the  conduits  through  which  the 
enormous  masses  of  lava  forming  the  plateaus  were  erupted ;  and 
the  absence  of  all  proofs  of  contact-metaraorphism  at  their  sides, 
and  of  evidence  that  the  majority  of  them  ever  reached  the 
surface  at  all  was  commented  on."  He  adds  that  in  "  1874  be 
further  pointed  out  that  some  of  these  dykes  appear  to  mark  the 
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radial  fissures  on  which  sporadic  cones  ("puys")  were  thrown 
up,  after  the  great  central  volcanoes  became  extinct ;  and  this  is 
supported  by  the  circumstance  of  the  close  analogies  between 
the  materials  erupted  at  this  later  period  and  the  rocks  which 
constitute  some  of  the  undoubtedly  post-Mesozoic  dykes."  Prof. 
Judd,  in  this  notice,  also  alludes  to  the  fact  that  the  volcanoes  of 
the  Hawaiian  Islands  favor  his  views  on  this  point. 

5.  Nummulitea  up  the  Indus  vaUey  at  a  height  ofl^flOOfeeL — 
According  to  observations  by  T.  D.  La  Fouche,  of  the  Geologi- 
cal survey  of  India,  a  Nummulitic  limestone  occurs  in  Zanskar  at 
a  height  of  19,000  feet.  He  found  the.  rock  on  crossing  the 
Singhe  I&  (Singala  of  the  Survey  Map),  in  the  region  where  they 
had  been  reported  to  exist  by  Dr.  T.  Thomson  in  1852.  lie  first 
came  upon  them  in  loo^e  blocks  of  a  dark  gray  limestone  at  Lin* 
shot,  at  a  height  of  12,850  feet,  on  the  southern  slopes  of  the 
range,  and  followed  them  up  the  clifis  on  the  west  of  the  pass. 
He  found  the  nummulites  m  situ  ^'at  an  altitude  of  18,500  feet,  at 
the  base  of  two  precipitously-scarped  masses,  rising  600  or  600  feet 
higher  and  forming  the  summit  of  the  peak."  The  rock,  to  the 
top,  "  consisted  of  layers  from  a  few  inches  to  over  a  foot  in  thick- 
ness of  the  same  black  fetid  limestone  that  was  found  in  the 
talus  below."  The  beds  rest  on  quartzite,  with  shales  below  and 
are  much  flexed.  *'  It  is  tjius  proved  that  in  middle  Eocene  times 
the  southern  shore-line  of  the  Tertiary  sea  (occupying  what  is 
now  the  Indus  valley)  extended  far  south  and  included  the 
Singhe  la." — Rec.  G.  Surv.  India,  xxi,  160,  1888. 

6.  Sand-drift  rock-sculpture. — R.  D.  Oldham  states  that  many 
examples  of  sand-drift  sculpturing  occur  in  India,  in  the  desert 
region  between  the  Aravalis  and  the  Indus.  He  remarks  that 
the  sculpturing  differs  from  that  of  glaciers  in  consisting  of 
numerous  broad  and  shallow  grooves,  deepest  at  the  end  from 
which  the  wind  blows.  The  grooves  on  a  conglomerate  quartzyte 
are  an  eighth  of  an  inch  wide  and  less,  and  cross  pebbles  and  the 
finer  parts  alike  without  interruption.  On  limestone,  near  Jes- 
salmer,  they  are  two  to  three  yards  long  and  four  to  six  inches 
broad. — Rec,  O.  Survey  of  India,  xxi,  169,  1888. 

7.  Catalogue  of  Fossil  Cephalopoda  in  the  British  Museum. 
Part  I,  containing  part  of  the  suborder  Nautiloidea  ;  by  Arthur 
H.  FooRD,  F.G.S.  344  pp.  8vo.  London. — The  author,  besides 
presenting  lists  of  species  with  synonymy  and  full  references, 
gives  descriptions  with  over  50  woodcuts,  and  has  a  valuable 
mtroduction  on  classification  and  other  general  topics  in  which 
the  views  of  Hyatt  and  others  are  mentioned.  This  museum 
catalogue  is  consequently  a  convenient  manual  on  the  fossil 
Nautiloids. 

8.  The  Nature  and  Origin  of  Deposits  of  Phosphate  of  Lime  ; 
by  R.  A.  F.  Penrose,  Jr.,  with  introduction  by  Prof.  N.  S. 
Shaler.  Bulletin  No.  46,  United  States  Geological  Survey, 
Washington,  D.  C,  1889.  The  introduction  to  this  memoir,  by 
Professor  Shaler,  gives  a  general  sketch  of  the  value  of  phos- 
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phate  of  lime,  of  its  occurrence  in  different  geological  horixom 
and  of  its  increasing  importance  in  agricultui*e.     Dr.  Penrose^ 
paper  is  intended  to  show  in  a  condensed  form  the  mode  of  occiu^ 
rence  and  the  theories  as  to  the  origin  of  phosphate  deposits  with 
the  object,  not  only  of  advancing  the   scientific   study   of  thb 
interesting  subjeot,  but  also  to  facilitate  the  search  for  deposits  o( 
the  different  kinds  of  phosphatic  minerals.     The  various  deposits 
are  first  classified  as  Mineral  Phosphates  and  Rock  Phosphates. 
These  headings  are  again  divided  into  other  sub-classes  to  include 
the  various  forms  of  apatite,  phosphorite,  nodular  phosphatei, 
phosphatic  limestones,   guano   and   bone   beds.     Under  minenl 
phosphates  he  begins  with  an  extended  account  of  Canadian  apt- 
tite  and  gives  numerous  diagrams,  illustrating  the  mode  of  occur* 
rence  of  the  mineral ;  then  follow  descriptions  of  the  apatites  of 
Norway  and  Spain,  and  the  phosphorites  of  Nassau,  Southwesten 
France  and  Spain,  with  several  illustrations.     Under  rock  phoe* 
phatcs  arc  described  the  celebrated  South  Carolina   phosphate 
deposits,  those   of   North   Carolina,  Alabama,   Wales,  England, 
France,  Beli^ium,  Russia  and  other  places.     Then   comes  a  de- 
scription of  the  guanos  of  the  coasts  of  South   America,  Africa, 
Arabia,  Australia  and  other  places,  as  well  as  of  the  islands  of  the 
Pacific  Ocean,  the  West  Indies  and  the  Gulf  of  California,  with* 
notice  of  the  bat  guanos  of  America  and  Europe  and  the  local 
deposits  of  bone  beds. 

The  article  ends  with  an  extended  bibliography  on  phosphates. 
The  work  contains  many  illustrations,  maps  and  analyses. 

R.    T.    niLL. 

9.  0)1  the  Fulgurites  of  Mt,  Visa;  F.  Rutley,  F.G.S. — Mt.  Viso 
is  12,680  feet  in  height.  The  fulgurites  described  by  Mr.  Rutley 
have  a  surface  ploughed  out  by  the  lightning,  with  curved  and 
branching  semi-cylindrical  furrows  from  i  to  -^  of  an  inch  in 
diameter.  The  tubes  are  lined  with  fulgurite  glass,  and  this  glasf 
proved,  on  careful  microscope  study,  to  contain  microlites  oi  dif- 
ferent forms  instead  of  being  perfectly  clear  as  in  other  fulgurites 
studied  by  the  author.     The  rock  is  a  glaucophane  schist. 

10.  Scheelite  from  Idaho. — Tungstate  of  lime  occurs,  massive, 
in  an  auriferous  quartz  vein  near  the  town  of  Murray,  Idaho  Ter- 
ritory, on  the  western  slope  of  the  Coeur  d'Alene  Mountains. 

WM.    P.    BLAKE. 

11.  HiXlfstahellen  ztir  mikroskopischen  Mineralbestimmung  in 
Gesteinen  zusamniengestellt  von  H.  Hosenbusou. — These  ad- 
mirably arranged  tables  giving  all  the  needed  characters  of 
rock-making  minerals  will  be  of  great  service  to  workers  in 
petrography,  supplementing  in  a  very  useful  way  the  author's 
large  treatise. 

12.  Les  Mineraux  des  Roches  par  A.  Michel  Lkvt  and  A. 
Lacroix,  334  pp.  8  vo.  Paris,  1888. — Students  of  microscopical 
mineralogy  need  not  now  be  at  a  loss  to  find  text-books,  with  the 
many  excellent  works  that  have  been  recently  placed  at  their 
disposal.     This  new  volume  is  one  of  the  most  original,  and  con- 
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I  much  new  matter  both  in  the  theoretical  portion  prepared 
ii.  L^vy,  and  in  the  second  half,  prepared  oy  both  authors, 
;h  gives  the  physical  and  optical  data  for  all  important 
ies.     It  should  be  in  hands  of  all  workers  in  this  subject. 

III.  Botany. 

Contributions  to  American  Botany^  XVI;  by  Skrkno  Wat- 
,  Proceedings  of  Am.  Acad,  of  Arts  and  Sciences,  vol.  xxiv, 

52.  1.  Upon  a  collection  of  plants  made  by  Dr.  E.  Palmer,  in 
r,  about  Guaymas,  Mexico,  at  Muleje  and  Los  Angeles  Bay 
.ower  California  and  on  the  Island  of  San  Pedro  Martin  in  the 
Fof  California.  2.  Descriptions  of  some  new  species  of  plants, 
fly  Californian,  with  miscellaneous  notes. — Dr.  Watson  states 

of  the  415  native  species  collected  by  Dr.  Palmer,  89,  or 
e  than  one-fifth,  are  wholly  new  and  many  others  are  of  great 
rest  in  various  respects.     "  The  larger  part  of  the  collection 

made  about  Guaymas  itself,  which  town  lies  on  the  eastern 

of  the  Gulf  of  California,  in  the  State  of  Sonora,  in  lat.  28®  N. 

250  miles  south  of  the  United  States  boundary.  It  is  hemmed 
losely  by  very  rocky  hills  and  low  mountains  (of  1200  to 
)  feet  altitude)  intersected  by  narrow  valleys.  The  artificially 
ered  gardens,  with  their  irrigating  ditches  and  brush  fences, 
meeting  and  favoring  the  growth  of  numerous  native  plants, 

rocky  islands  in  the  harbor,  and  the  valleys  and  mountains 
ind,  were  all  alike  searched.     Dr.  Palmer  remained  here  from 

middle  of  June  to  the  middle  of  November,  during  which 
3  there  were  only  occasional  slight  showers,  which  commenced 
Lugust.  The  species  obtained  here  numbered  283,  of  which 
vere  also  found  in  other  localities  ....  The  characteristics 
he  flora  of  the  region  bordering  on  the  Gulf  of  California,  so 
as  shown  by  this  collection,  are  for  the  most  part  those  com- 
I  to  the  flora  of  the  whole  arid  region  of  the  interior,  from 
ibeastern  California,  Arizona,  and  New  Mexico  southward  into 
cico,  distinct  in  a  great  measure  from  that  of  California  proper 
the  one  side,  and  that  of  the  Gulf  States  on  the  other.  .  .  . 
proportion  in  which  the  several  orders  are  represented 
be  collection  is  somewhat  remarkable.  Of  the  415  species, 
•fourth  are  equally  divided  between  the  GramineaB  (50)  and 

Compositse  (50).  Another  fourth  includes  only  the  four 
jrs   LeguminosaB    (44),    EuphorbiaceaB    (32),    Malvaceae    (17), 

Solanaceae  (15).  These  are  followed  by  the  Nyctaginaceje 
I,  ConvolvulaceaB  (13),  Asclepiadacese  (10),  and  53  other 
^T%  with  still  fewer  species.  The  important  orders  Ranuncu- 
3,  Rosaceee,  Saxifragacesp,  Umbelliferae,  Ericace®,  Cupulif- 
,  ConiferjB,  and  Orchidaceae  are  wholly  unrepresented." 
"he  second  paper  mentioned  above  gives  descriptions  of  ten 
'  species.  The  extent  of  Dr.  Watson's  contributions  to  North 
encan  Botany  can  be  understood  when  attention  is  called  to 

fact  that  these  two  communications,  which  contain  descrip- 
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tioDS  of  aboat  one  hundred  species  new  to  science,  compriie 
only  one-tenth  of  all  the  well-characterized  species  which  he 
has  added.  6.  l.  g. 

2.  JSet/  to  the  St/stem  of  Victorian  Plants^  I ;  by  Bajion  Fsbd. 
VON  Mueller,  [Melbourne,  1887-88.  pp.  659, 12mo.  With  map]. 
Part  2  of  this  useful  work  was  published  in  1885,  and  comprised 
an  enumeration  of  the  native  species  arranged  under  genera  and 
orders,  with  annotations  of  their  regional  distributioD,  and  with 
152  illustrations  on  wood. 

The  part  which  has  just  come  to  hand  gives  a  dichotomoos 
arrangement  of  the  orders,  genera  and  species  of  the  native  plants, 
with  annotations  of  their  primary  distinctions  and  supporting 
characteristics.  The  whole  work  is  marked  by  two  important 
features,  ( 1)  there  are  extremely  few  abbreviations  in'tbe  treatise, 
even  where  abbreviations  could  have  been  used  to  economise 
space  without  endangering  clearness,  (2)  some  of  the  technical 
terms  differ  from  those  generally  in  vogue.  Among  these  terms 
may  be  mentioned  the  following, — ovulary  for  ovary,  albument 
for  albumen,  hairlet  for  hair,  placentary  for  placenta,  etc.  These 
organographic  alterations  introduced  ^*  into  these  pages  for  the 
first  time,  in  contrast  to  zoologic  terms  have  been  ventured  on 
only  tentatively,  but  from  a  desire  of  the  author  to  simplify  the 
wordings  for  organs  of  plants  in  a  book  written  especially  for 
almost  a  new  country  and  particularly  for  the  juvenile  portion  of 
its  population."  It  is  difOicult  to  see  why  such  zoological  terms 
as  ovary,  hair,  and  albumen  should  have  been  changed  for  the 
sake  of  contrast,  while  the  following  should  have  been  retained,— 
valve,  lobe,  membrane,  and  filament. 

The  arrangement  of  the  key  is  exceedingly  convenient,  and 
enables  a  student  to  trace  out  the  name  of  a  plant  with  great 
rapidity.  At  the  end  of  the  volume  there  is  a  list  of  plants 
*'  hitherto  immigrated  and  naturalized  in  Victoria,  with  indications 
of  their  nativity  and  English  popular  names."  A  few  of  these 
200  plants  are  noted  as  coming  from  Asia,  or  from  Africa,  or  from 
Europe,  but  almost  all  have  placed  against  their  names  the  three 
countries  with  no  specific  assignment:  23  of  the  list  are  given  as 
coming  from  America.  A  second  table  gives  the  vernacular  names 
of  indigenous  plants.  Here  we  get  the  names,  "  Wattle,"  "  Mai- 
lee,"  *' Currajong,"  etc.,  and  also  some  given  off-hand  by  the 
settlers,  "  Wooly  Butt,"  "Stringy-bark,"  "Pig-face,"  "DoabI^ 
tail,"  and  "  Sand-stay,"  while  by  far  the  greater  number  merely 
echo  the  familiar  names  which  the  settlers  have  brought  from 
home,   such    as  "  Avens,"  Rib-herb,"  and  the  like. 

It  is  with  an  ever  fresh  surprise  that  one  reads  in  these  lists  of 
plants  supposed  to  be  indigenous,  such  names  as  Myosurus  mini- 
mus^ Cakile  maritima^  Potentilla  a^iserina,  Verbena  officinalis,  etc 
It  is  certain  that  the  geographical  botanist  of  the  future  will  ft- 
vise  many  of  these  decisions  and  assign  to  such  plants  some  date 
of  an  earlier  introduction,  and  withdraw  them  from  the  catalogoe 
of  indigenous  plants.     The  strenuous   efforts   which  Baron  voo 
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Idueller  has  oontinaally  made  to  popularize  the  study  of  Botany 
n  Victoria  must  certainly  be  followed  by  happy  results.  It  is  to 
)e  hoped  that  this  his  latest  work  in  this  direction  will  be  pro- 
Inctive  of  an  increased  interest  in  the  life  history  of  the  plants  of 
;he  southern  continent.  g.  l.  g. 

3.  Revision  of  North  American  UmheUiferoB ;  by  J.  M. 
UouLTEB  and  J.  N.  Rose,  1888.  pp.  144  and  pi.  ix. — In  this  work 
be  authors  hare  given  us  a  sufficient  account  of  the  structural 
)eculiarities  of  the  family,  together  with  a  systematic  analysis  of 
he  genera,  accompanied  by  illustrations  of  cross  sections  of  the 
ruit.  An  artificial  analysis  supplements  the  treatise.  This  con- 
ribution,  part  of  which  has  already  come  before  the  public  in 
Dstallments  in  the  Botanical  Gazette,  will  be  very  welcome  to  all 
botanists  in  its  completed  form.  g.  l.  g. 

4.  Ilora  Italiana^  vol.  viii.  Florence,  March  1889. — We 
ave  here  Professor  CaruePs  examination  of  part  of  the  Order 
Jmbelliferse.  There  are  descriptions  of  221  species,  in  many  cases 
^ith  pretty  full  accounts  of  the  geographical  distribution.  He 
livides  the  63  genera  represented,  into  seven  groups.  The 
^resent  volume  closes  with  the  genus  Caucalis,  leaving  two  more 
genera  to  complete  the  treatment  of  the  family.  g.  l.  g. 

6.  Diagnoses  plantarum  novarum  asiaticarum^  VII.  C.  J. 
if  AXiMowicz.  (Bulletin  de  I'Acad.  imperiale  des  sciences  de  St. 
?etersbourg,  t.  xii.) — Attention  is  called  to  the  critical  study  given 
)y  the  author  to  the  250  species  of  Pedicularis  and  the  illustra- 
ions  of  1 15  of  them.  The  communication  possesses  great  interest 
lot  only  to  the  systematic  botanist  but  to  those  who  are  engaged 
n  the  investigation  of  adaptive  characters  of  the  flower. 

G.    L.    G. 

6.  The  Orchids  of  the  Cape  Peninsula ;  by  Harry  Bolus, 
F.L-S.  [Cape  Town,  1 888,  (Trans.  South  African  Philosophical 
Society,  vol.  v,  part  I,  pp.  125,  36  plates,  some  of  them  colored 
n  part.)] — The  area  of  the  Cape  Peninsula,  as  here  restricted,  is 
ibout  200  square  miles,  and  contains  1750  species  of  plants,  of 
Krhich  102  are  orchids.  In  the  relative  richness  of  its  vegetation 
n  orchids  it  is  said  to  be  sui^passed  only  by  some  portions  of 
Aiustralia.  Only  one  of  the  102  species  has  yet  been  detected 
>eyond  the  limits  of  South  Africa,  namely,  Liparis  Capefisis,  in 
;he  Cameroons  Mountains,  where  it  is  said  that  some  other  typical 
[Jape  plants  have  been  detected.  Thirty-three  of  these  species 
ire  confined  to  the  Cape  Peninsula,  although  many  of  them  will 
perhaps  be  found  outside  of  its  narrow  limits  as  exploration  pro- 
^eds.  The  amazing  abundance  of  these  highly  specialized  plants 
n  an  area  less  than  one-sixth  of  that  of  the  State  of  Rhode  Island, 
•enders  this  a  field  of  exceptional  character  for  a  biologist.  Mr. 
Bolus  has  given  us  a  useful  systematic  handbook  of  the  Cape 
3rchids,  with  no  attempt  at  present  to  deal  with  the  biological 
questions  involved.  While  he  has  placed  botanists  under  great 
>bligations  by  this  systematic  work  he  leads  them  to  ask  whether 
tie  cannot,  better  than  any  one  else,  give  the  life-histories  of  the 
more  interesting  species.  g.  l.  g. 
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7.  Handbook  of  the  Amarf/llidece,  including  the  Alsir<emerm  "  ^ 
and  AgavecB ;  by   J.  G.    Bakkr,   F.R.S.,    [London,    1888,  8vo, 

S).  216.] — In  his  long  service  at  Kew,  the  first  assistant  in  the 
erbarium  has  had  exceptional  opportunities  for  studying  tJw 
plants  of  this  order  in  their  living  state.     The  handbook  which  be 
now  publishes  comprises  the  notes  which  have  been  long  acco- 
mulating,  together  with  many  which  he  has  published  from  time  to 
time  in  current  journals.     The  number  of  species  included  is  not 
far  from  TOO,  and  of  genera  61.     Two  orders  assigned  to  Amarrl* 
lideae  are  omitted,  namely,  Hypoxidea?,  containing  66,  and  Vel- 
losiea),  68  species.     Of  the  species  here  described,  about  250  irp 
Old-world  species  in  31  genera,  and  450  are  New- world  species  in 
30  genera.     The  author  has  not  taken  up  to  any  great  extent  the 
garden  hybrids  which  are  so  abundant  in  this  order,  nor  has  he 
alluded  to  the  cultivation  of  the  species,  but  the  work  is  of  great 
use  to  cultivators  as  well  as  to  working  botanists.  g.  u  g. 

8.  Sf/ floptical  List  of  North  American  Species  of  Ceanothvs; 
by  Wm.  Treleask.  (Contrib.  from  Shaw  School  of  Botany. 
No.  4.  June  15,  1888,  pp.  13). —  Ceanothus  i.  /  by  C.  C.  Parbt, 
(Davenport  Acad,  of  Nat.  Sci.,  read  Dec.  28,  1888,  pp.  13). — Dr. 
Parry's  revision  of  this  genus  differs  in  many  particulars  from 
that  by  Professor  Trelease.  Both  the  communications  are  i^lpo^ 
tant  contributions  to  systematic  botany  and  serve,  besides,  to 
show  how  differently  two  conscientious  students  may  regard  the 
same  problem.  A  comparison  of  the  two  papers  brings  up  again 
the  question  of  how  far  adaptive  characters  are  to  be  considered 
in  the  determination  of  affinities:  the  adaptive  characters  being, 
of  course,  those  which  press  themselves  most  prominently  upon 
the  attention  in  the  field. 

In  Dr.  Parry's  paper  there  is  given  an  interesting  addition  to 
the  lint  of  projectile  fruits  which  we  copy  entire.  "The  fruit, 
which  so  strongly  simulates  in  external  appearance  some  of  the 
Euphorbiaceous  genera  as  to  have  suggested  a  near  relationship, 
though  not  carried  out  in  other  points,  varies  considerably  in  size, 
its  smooth  or  resiiiously  coated  exocarp  and  its  accessory  appen- 
dages, but  has  otherwise  very  uniform  characters  of  seed  and 
pericarp.  A  fact  not  often  noticed,  but  which  is  probably  more 
or  less  true  ot"  all  species,  is  that  the  rigid  cocci,  when  re- 
leased from  their  attachment  to  the  indurated  disc,  expel  their 
smooth-coated  seeds  through  the  ventral  slit  with  considerable 
force.  I  have  had  occasion  lately  to  notice  this,  even  in  herba- 
rium specimens  of  nearly  mature  fruit,  which,  when  brought  into 
a  warm  apartment,  revealed  their  explosive  nature  by  a  continu- 
ous fusilade,  till  the  ammunition  was  all  expended  and  the  fraj^- 
ments  of  the  ruptured  pericarp  alone  left  to  determine  their  caq)- 
ological  features.  The  manifest  utility  of  this  provision  for  dis- 
seminating seeds  wilf  largely  account  for  the  gregarious  habit  of 
most  of  the  species,  and  no  doubt,  also  serves  as  a  protection 
against  the  aggression  of  omnivorous  rodents."  g.  l.  g. 
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9.  On  the  miUtipltc€Uion  of  BryophyUum  calycinum. — Dr.  B. 
W.  Babtok,  of  Baltimore,  in  an  interesting  preliminary  commani- 
cation  respecting  this  subject,  calls  attention  to  the  fact  that  the 
leaves  of  a  plant  under  cultivation  which  grew  well  during  the 
summer,  fell  during  the  month  of  September.  But,  instead  of 
withering  before  their  fall,  these  leaves  remained  plump  and  green 
up  to  the  very  last,  whereas  the  leaves  of  our  ordinary  plants  are 
emptied  of  their  protoplasm  before  they  are  detached.  These 
fresfi  leaves  in  about  ten  days  alter  they  were  separated  gave 
rise  to  buds  and  a  fine  crop  of  healthy  plants.  Dr.  Barton  asks 
whether  the  time  of  defoliation  may  be  related  to  the  time  of  oc- 
currence of  hurricanes  in  the  tropics. 

10.  JEnumeratio  Plantarum  Guatemalensium  imprimis  a  If, 
DeTSierckheim  collectarum  qua^  edidit  John  Donnell  Smith. 
Pars  L  (Oquawka,  111.,  1889).— Mr.  J.  Donnell  Smith,  of  Bal- 
timore, has  been  engaged  for  some  years  in  the  elucidation  of  the 
flora  of  Central  America.  The  present  list  is  one  of  the  results 
of  that  study.  Mr.  Smith  is  at  this  time  making  a  botanical 
journey  in  Guatemala.  g.  l.  g. 

11.  Journal  of  Andre  Michaux^  1787-1796.  (Proceedings  of 
American  Philosophical  Society,  vol.  xxvi,  No.  129.) — This  is  the 
carefully  edited  publication  of  the  diary  (in  French)  of  our  most 
assiduous  botanical  explorer.  Professor  C.  S.  Sargent  has  fur- 
nished critical  notes  and  an  abstract  of  the  biography  of  Michaux, 
thus  enabling  the  reader  to  follow  intelligently  the  daily  life  of 
a  botanist  of  the  last  century.  The  diary  demanded  in  its  print- 
ing very  great  care,  and  this  it  appears  to  have  received  through- 
oat.  G.  L.  G. 

12.  Afinals  of  Botany.  London,  1889. — This  valuable  journal 
is  now  in  its  third  volume  and  has  gained  for  itself  an  assured 
position  among  first-class  scientific  periodicals.  It  is  pleasant  to 
note  that  some  of  the  important  contributions  have  come  from 
this  country,  mainly  from  the  laboratory  conducted  by  one  of  the 
editors,  Professor  I^arlow.  The  price  of  the  journal  has  been  ad- 
vanced to  thirty  shillings.  e.  l.  g. 

13.  Herbarium  of  the  late  Rev,  Br.  Joseph  Blake. — This  large 
collection,  representing  the  fruits  of  a  life-long  interest  in  botany, 
and  containing  specimens  from  nearly  all  the  American  botanists 
^who  have  been  in  active  exchange  during  the  last  fifty  years,  is 
now  offered  for  sale.  The  herbarium  is  in  good  condition,  and 
comprises,  besides  the  plants  referred  to  above,  a  considerable 
numoer  of  species  beyond  our  own  limits.  Information  regarding 
the  collection  may  be  obtained  from  Mrs.  Joseph  Blake,  Andover, 
Mass.  G.  L.  g. 

14.  Outlines  of  Lessons  in  Botany,  Part  I.  From  seed  to 
^fj  by  Janb  H.  Nbwell.  Boston,  1889.  Small  8vo,  pp.  140. 
— ^MiBB  Newell's  large  experience  in  the  teaching  of  young  chil- 
dren has  enabled  her  to  prepare  an  exceedingly  useful  book.  The 
<iaestion8  are  well  chosen  and  sharply  put.  g.  l.  g. 

Am.  Joitr.  Sol— Thied  Seruk,  Vol.  XXXVII,  No.  221.— Mat,  1889. 
26a 


420 


MiaceUcmeoua  Intelligence. 


Miscellaneous  Scientific  Intelligence. 

1.  A  deep-8ea  depression  in  the  Pcunfic  near  Tongatabik'—h  a 
"  List  of  Oceanic  Depths  "  pablisbed  by  the  British  Hydrographic 
Department,  bearing  the  aate  of  February,  1889,  for  a  copy  of 
which  we  are  indebted  to  the  Department,  soundings  of  4295  and 
4428  fathoms  are  reported  to  the  southeast  of  Tongatabu,  the 
southern  and  the  largest  of  the  Tonga  or  Friendly  Islands.  The 
soundings  were  made  by  H.  M.  Ship  Egeria,  under  Captain  4*el- 
ham  Aldrich,  in  the  course  of  a  line  of  soundings  from  I^ew  Zea- 
land to  the  islands,  and  they  were  repeated  around  the  depression 
so  as  to  make  a  complete  investigation  of  the  area.  The  depths 
obtained  about  the  area  are  the  following : 


Lat. 

Long. 

Depth  in  fms. 

Lat. 

Long. 

Depth  la  fins. 

24* 27' 

176*15' 

530 

24**  49' 

174**  07' 

2889 

24  18 

175  50 

2030 

24  49 

173  56 

3036 

24  26 

175  38 

2449 

24  37 

175  08 

44^ 

24  49 

175  07 

4^96 

24  26 

175  10 

900  + 

24  59 

174  46 

3110 

24  00 

175  16 

3692 

24  55 

174  29 

2990 

23  18 

175  38 

941 

24  44 

174  18 

3006 

23  12 

175  40 

596 

The  depths  appear  to  indicate  a  crater-like  depression.  Its 
position  with  reference  to  Tongatabu  is  very  much  liice  that  south 
of  the  Ladrones  with  reference  to  Guam,  the  largest  and  most 
southern  island  of  that  group.  j.  n.  d. 

2.  Lists  of  Dredging  Stations  in  North  American  teaUn, 
from  1867  to  1887,  bjr  Sanderson  Smith.  144  pp.  8vo.  From 
the  Report  of  the  Fish  Commission. — Mr.  Smith  has  prepared 
these  tabulated  lists  of  deep-sea  soundings  on  the  North  Ameri- 
can side  of  the  Atlantic  with  great  labor  and  care.  The  soaDd- 
ings  of  the  U.  S.  Fish  Commission,  the  Fish  Hawk,  Albatross, 
Challenger  Expedition,  Travailleur,  Talisman,  WasbingtoD,  and 
of  other  vessels  or  expeditions,  Norwegian  and  British,  are  all 
here  registered,  with  the  necessary  precision  as  to  time  of  obser- 
vation and  geographical  position ;  and,  besides,  the  routes  and 
locations  are  exhibited  on  a  number  of  accompanying  folded 
charts. 

3.  National  Academy  of  Sciences, — At  the  meeting  of  the 
Academy  held  in  Washington,  April  16-19,  Professor  0.  C. 
Marsh  was  re-elected  President,  and  the  following  new  members 
were  elected  :  Professor  Boss,  of  Dudley  Observatory,  Albany, 
Professor  Sereno  Watson,  of  Cambridge,  Professor  C.  S.  HasUngs, 
Yale  University,  Professor  C.  A.  White,  U.  S.  Greological  Survey, 
and  Professor  Michel,  of  Tufts  College.  The  following  papers 
were  accepted  for  reading  : 

D.  P.  Todd  :  Composite  coronography. 

W.  A.  Rogers:  Additional  experimental  proof  that  the  relative  ooefBcaento' 
expansion  between  Baily's  metal  and  steel  is  constant  between  0**  and  95"  F. 

WoLCOTT  GiBBS  and  HoBABT  Habb:  Method  and  results  of  a  Bystema^* 
study  of  the  action  of  definitely  related  chemical  compounds  upon  nnimaJM^ 

C.  S.  Peiboe:  Sensations  of  color. — Determinations  of  gravity. 
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B.  D.  Ck)PB:  Pliocene  Vertebrate  Fauna  of  Western  North  America. — North 
American  Proboscidia. 

A.  Hall,  Jr.,  The  mass  of  Saturn. 

Iba  Bemsbn  :  Nature  and  composition  of  double  halides. — Rate  of  reduction  of 
nitro-compounds. — Connection  between  taste  and  chemical  composition. 

T.  C.  Mendenhall  :  Recent  researches  in  atmospheric  electricity. 

A.  A.  MiCHGLSON:  Measurement  by  light  waves. 

A.  A.  M1CHEL8ON  and  E.  W.  Mobley:  Feasibility  of  the  establishment  of  a 
light-wave  as  the  ultimate  standard  of  length. 

S.  G.  Chandleb:  The  general  laws  pertaining  to  stellar  variation. 

d.  H.  F.  Petbbs:  Review  of  the  trivial  names  in  Piazzi^s  star  catalogue. 

J.  S.  Newbebby  :  Cretaceous  flora  of  North  America. 

Cleveland  Abbe:  Terrestrial  magnetism. 

BoMYN  Hitchcock  :  Spectrum  photography  in  the  ultra-violet. 

W.  E.  Bbooks:  North  American  Pelagidse. — Development  of  Crustacea. 

C.  D.  Walcott:  The  plane  of  demarcation  between  the  Cambrian  and  pre- 
Cambrian  rocks. 

D.  P.  Todd:  Report  of  the  American  Eclipse  Expedition  to  Japan,  1887. 

4.  Proceed%7ig8  of  the  U,  8.  National  Museum,  Vol.  X,  1887. 
Published  ander  the  direction  of  the  Smithsonian  Institntioa. 
772  pp.  8vo,  with  39  plates. — This  volame  is  made  up  of  oriff- 
inal  contributions  to  Zo5logy  and  Botany,  partly  paleontological, 
and  mostly  describing  new  species.  The  chief  contributors  are 
R.  Ridgway,  L.  Stejneger,  J.  B.  Smith,  R.  Rathbun,  J.  McNeill, 
T.  H.  Bean,  C.  H.  Bofimann,  C.  H.  Gilbert,  E.  D.  Cope,  D.  S. 
Jordan,  G.  N.  Lawrence,  L.  Lesquereux,  T.  Gill,  C.  H.  Eigen- 
mann,  F.  W.  True,  R.  E.  Call,  E.  Linton,  C.  H.  Townsend,  O.  P. 
Hay,  and  E.  G.  Hughes.  It  contains  also  an  account  of  an. Ar- 
kansas meteorite,  by  S.  F.  Kunz,  with  a  plate. 

5.  JExamincUion  of  Water  for  sanitary  and  technical  pur- 
poses^ by  Dr.  H.  Lsffman  and  Wm.  Bbam.  106  pp.  12mo.  1889. 
Philadelphia  (Blakiston,  Son  4S5  Co.). — This  little  volume  gives 
the  chemical  methods  for  testing  mineral  and  other  waters  es- 

Gcially  with  reference  to  those  ingredients  that  have  a  sanitary 
aring,  and  alHO  other  facts  and  information  on  the  subject. 

The  Geological  Record  for  1880-1884  inclusive.  A  list  of  publications  on  Geol- 
ogy, Mineralogy  and  Palseontology  published  during  those  years,  together  with 
certain  references  omitted  from-  previous  volumes;  edited  by  Wif.  Toplet, 
F.B.S.,  F.G.S.I  and  Charles  Davies  Sherborn,  F.G.S.  Vol.  1.  Stratigraphical 
and  Descriptive  Geology.  544  pp.  8vo.  London,  1888  (Taylor  k  Francis). — A 
work  of  gpreat  value  to  students  in  Geology,  although  only  a  catalog^ie.  The  six 
preceding  volumes  covered  the  years  1874  to  1879  inclusive,  and  were  by  Mr.  W. 
Whitaker,  excepting  that  for  1878,  which  was  by  Whitaker  and  W.  H.  Dal  ton. 
Price  of  each,  16s.,  excepting  for  that  for  1874,  158. 

Bulletin  from  the  Laboratories  of  Natural  History  of  the  State  University  of 
Iowa,  Iowa  City,  Iowa,  vol.  i,  No.  1,  contains  valuable  geological  papers  by  Prof. 
S.  Calvin ;  on  the  Saprophytic  Fungi  of  Eastern  Iowa  by  T.  U.  McBride ;  and  on 
the  Mollusks  of  eastern  Iowa  by  B.  Shimek,  besides  other  papers. 

University  Studies,  published  by  the  University  of  Nebraska,  at  Lincoln.  This 
quarterly  publication.  No.  2  of  which  was  published  in  October,  1888,  contains, 
besides  literary  and  linguistic  papers,  a  memoir  on  the  conversion  of  some  of  the 
homologies  of  benzol-phenol  into  primary  and  secondary  amines,  by  Rachel  Lloyd. 

Preliminary  Report  of  the  Dakota  School  of  Mines  upon  the  Geology  of  the 
Black  Hills.     171  pp.  8vo.     Rapid  City,  1888. 

A  Bibliography  of  Indian  Geology :  compiled  by  R.  D.  Oldham,  Deputy  Super- 
intendent Geol.  Survey  of  India.     145  pp.  roy.  8to.    Calcutta,  1888. 
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OBITUARY. 

Miss  Annie  E.  Law  was  born  in  Carlisle,  England.  She  was 
the  eldest  of  three  children  of  John  Law,  whose  brother  was 
governor  of  the  Island  of  Malta.  Her  father  with  his  family 
emigrated  to  Tennessee  about  the  year  1851,  settling  near  Marys- 
ville,  where  her  parents  and  brother  are  buried.  She  remained 
at  various  points  in  eastern  Tennessee  until  about  1874,  when  she 
moved  to  Hollister,  California,  and  thence  to  Watson ville,  where 
she  remained  with  her  sister,  Mrs.  Andrews,  in  impaired  health, 
until  Jan.  12th,  1889,  when  she  passed  away,  endeared  to  all 
with  whom  she  came  in  contact.  Her  rare  intellect,  combine<l 
with  her  wonderful  musical  talent,  made  her  the  center  of  a  large 
and  cultivated  society,  while  as  a  writer  she  occupied  a  high 
position,  her  poems  being  remarkable  for  their  pathos  and  sweet- 
ness. While  Miss  Law  will  be  long  and  widely  missed  by  those 
acquainted  with  her  socially,  there  is  a  much  larger  circle  who 
will  ever  honor  her  name  as  that  of  one  of  the  most  devoted 
^nchologists  we  have  ever  known.  She  described  no  species 
and  wrote  no  articles  on  the  subject,  but  she  contributed  none 
the  less  to  the  advancement  of  science  by  collecting  material  for 
the  publications  of  others.  She  was  a  most  generous  correspond- 
ent, distributing  lavishly  the  many  novelties  she  collected  in  the 
mountains  of  Tennessee  and  North  Carolina.  She  first  drew 
attention  to  the  richness  of  those  localities  which  have  since 
proved  almost  a  new  fauna  in  l^nd  mollusks,  collecting  eleven 
species  and  one  genus  new  to  science.  As  an  instance  of  her 
enthusiasm,  the  writer  may  mention  that  when  he  urgently  begged 
her  to  obtain  for  him  the  living  animal  which  had  formed  the 
shell  of  the  so-called  VUrina  latissima  in  order  to  verify  its 
generic  position,  she  undertook  a  perilous  wagon  journey  of 
several  weeks  over  mountain  roads,  camping  out  at  nights ;  she 
reached  Black  Bald  Mountain,  and  found  numerous  specimens, 
which  enabled  the  writer  from  its  external  and  anatomical  char- 
acters to  describe  the  remarkable  genus.  w.  g.  a 

Dr.  Hkinrich  von  Dechkn,  the  eminent  geologist  of  Germany, 
died  at  Bonn  on  February  15,  having  nearly  reached  his  90th 
birthday. 

Professor  Giuseppe  Meneghini,  of  the  University  of  Pisa,  and 
Senator  of  the  kingdom,  the  author  of  works  and  memoirs  on 
zoology  and  geology,  died  on  the  29th  of  January,  1 889,  at  the 
age  of  78. 

Throdor  Kjerulf,  one  of  the  best  and  most  active  of  Nor- 
wegian geologists,  died  on  the  26th  of  October,  1888. 

John  Ericsson,  physicist  and  mechanician,  and  one  of  the 
most  remarkable  men  of  the  century,  died  in  New  York,  on  the 
8th  of  March.  He  was  born  in  Wermland,  Sweden,  on  the  8l8t 
of  July,  1803. 
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Art.  XLIII. — Topographic  Development  of  the  Triassic  For- 
mation of  the  Connecticut  Valley ;  by  William  Morris 
Davis. 

[Published,  as  far  as  relates  to  work  done  for  the  U.  S.  Geological  Survey,  with 

the  permission  of  the  Director.] 

Contents  : — ^Itinerary  of  Harvard  Sammer  School  of  Geology — 
Faults  in  the  Meriden  region — Cross-section  of  the  District — 
Means  of  detecting  the  unfaulted  sequence  of  Triassic  beds — 
Mechanism  of  monoclinal  faulting — Topographic  development 
of  the  Triassic  belt — Initial  constructional  stages  represented 
by  the  faulted  blocks  of  Southern  Idaho—Mountain  ranges  of 
the  Great  Basin  equivalent  to  a  later  Jurassic  Stage — The 
whole  region  base-leveled  in  late  Cretaceous  time — The  present 
valleys  worn  in  the  Cretaceous  base-level  plain  after  its  eleva- 
tion— Polygenetic  topography — The  origin  of  the  Connecticut 
river  outlet  via  Middletown — The  Connecticut  river  was  orig- 
inally consequent  on  the  monoclinal  faulting,  and  still  persists 
near  the  course  then  taken,  but  has  entered  a  second  cycle  of 
life  as  a  result  of  the  elevation  of  the  lowland  that  was  pro- 
duced in  its  first  cycle. 

Since  presentinff  two  years  ago  a  suggestion  to  account  for 
the  mechanical  origin  oi  the  faulted  Triassic  monocline*  I 
have  visited  the  region  about  Meriden  with  the  Harvard 
Summer  School  of  Ueology  during  its  sessions  of  1887  and 
1888.     An  itinerary  of  the  excursions  made  by  the  school  in 

•  This  Journal,  xxxii,  1886,  342-352  ;  Proc.  Amer.  Assoc.,  xxxv,  1 886,  224-227 ; 
Seventh  Ann.  Report  U.  S.  Geol.  Survey,  1886,  just  issued. 
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deciphering  the  structure  of  the  district  together  with  \a«^ 
and  sections  to  illustrate  the  facts  of  observation  and  a  detailed 
consideration  of  the  argumentg  leading  to  certain  conclasion: 
is  now  in  press  in  the  Bulletin  of  the  Museum  of  Companitin- 
Zoology  at  Cambridge.  The  structural  problems  of  the  regiw. 
afford  excellent  opportunity  for  practical  instruction  in  geolc^, 
A  brief  summary  of  the  results  reached  is  presented  here. 

The  small  black  square  in  figure  1  indicates  the  position  d 
the  Meriden  district  in  central  Connecticut  and  in  the  Bonthein 
part  of  the  New  England  Triassic  area.     Figure  2  is  the  sam? 


district  on  a  larger  scale.  The  main  trap  sheet,  whose  mono- 
clinal  ridges  dominate  the  relief  of  the  region,  is  shaded  with 
oblique  lines ;  the  subordinate  ridges  formed  on  the  anterior 
and  posterior  trap  sheets  are  indicated  by  Hues  on  either  eidt 
of  the  main  ridges.  The  chief  faults  of  the  region  are  drawn 
in  broken  lines,  and  their  general  southwest  trend  is  clearlj 
seen.  The  several  enclosed  spaces  numbered  1  to  5  mark  the 
areas  represented  on  maps  of  still  larger  scale  in  the  Bulletin 
above  referred  to.  The  "  mountains  formed  by  the  main 
trap  sheet  are,  beginning  on  the  southeast :  Higby  (or  Besick) 
Mountain,  Chauncy  Peak  and  Lamentation  Mountain,  the 
Hanging  Hills  group  northwest  of  Meriden  (consisting  of 
Cat-hole  Peaks,  IS  otch  Mountain  and  West  Peak),  Short  Moun- 
tain, High  Rock  and  Shuttle  Meadow  Mountain,  and  Bradley's 
Mountain,  before  coming  to  Cook's  Gap,  a  pass  followed  ot 
the  New  York  and  New  England  railroad  westward  from  New 
Britain.  The  evidence  seems  to  me  very  strong  that  the  faults 
separating  all  these  blocks  were  produced  after  the  trap  sheets 
had  taken  their  place  in  the  stratified  series,  all  the  sheets  here 
shown  being  extrusive  surface  flows,  poured  out  daring  the 
accumulation  of  the  aqueous  strata. 
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A  cross  section  of  the  district  from  northwest  to  southeast, 
-on  the  scale  of  figure  2,  is  given  in  figure  3 ;  but  its  construc- 
tion is  not  very  accurate  as  to  the  values  of  dip  and  dislocation. 
The  heave  of  the  faults  is  on  the  southeast  in  every  case,  with 
the  single  exception  of  the 
fault  between  High  Rock  and 
Short  Mountain,  where  the 
heave  is  on  the  other  side ;  this 
departure  from  the  prevailing 
rule  of  dislocation  being  indi- 
cated by  a  corresponding  departure  from  the  prevailing  rule  of 
"topography.  In  passing  northward  across  a  fault  of  the 
ordinary  kind,  the  repeated  portion  of  a  ridge  is  found  in  what 
Percival  called  "advancing  order,"  that  is,  farther  west  than 
l>ef ore ;  but  here  the  repeated  ridge  is  found  in  "  receding 
order,"  and  hence  the  fault  is  known  to  have  a  reverse  throw. 
The  distinct  topographic  effect  of  the  faults  is  illustrated  in 
two  figures.  The  first  (fig.  4.)  is  a  view  southwestward  through 
41  gap  in  the  anterior  trap  ridge,  on  the  line  of  the  fault  that 


4. 


foqTH  CMO   or 


CLA8TCRM   1^1  OCC 


aOUTH  CNO  0f  WeSTMN  RIOCC 


dnxTTi-ic  Mfe^PW  f^9fny9in 


runs  from  New  Britain  through  Shuttle  meadow  reservoir. 
The  heaved  side  of  the  fault  is  on  the  left  (southeast),  where 
the  back  of  the  ridge  is  shaded  by  an  apple  orchard  and  its 
outcrop  bluflf  is  clothed  with  hemlocks :  the  thrown  side  is  on 
the  right,  where  the  trap  sheet  lies  lower,  but  rises  westward 
to  another  ridge  like  the  first ;  an  old  pasture  field  on  its  back, 
and  a  bold  chff  facing  the  broad  Southington  valley  beyond. 
This  cliff  runs  two  or  three  miles  north,  but  shortly  turns 
around  the  southern  end  of  the  ridge  where  it  is  terminated 
by  the  oblique  fault ;  the  other  ridge  falls  away  to  the  left  of 
the  view  as  it  approaches  the  fault,  but  continues  southward 
till  it  is  again  broken  by  another  fault,  and  the  topographic 
dislocation  is  repeated. 

The  second  view  (fig.  5.)  is  of  larger  range  :  it  is  taken  from 
a  hill  about  a  mile  east  of  Berlin,  looking  south  to  two  masses 
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of  the  main  trap  sheet.  Lamentation  Mountain  is  on  the  right 
with  the  slightly  detached  Chauncy  Peak  rising  a  little  over 
its  farther  end  ;  and  Higby  (Besick)  Mountain  rises  on  the  left. 
The  strong  fault  that  passes  a  little  east  of  Meriden  separates 

6. 
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these  two  mountains,  while  the  greater  fault  which  runs  west 
of  Meriden  cuts  oflf  the  north  end  of  Lamentation.  The  view 
of  these  mountains  is  highly  suggestive. 

The  extension  of  the  faults  to  the  northeast  and  southwest  of 
the  trap  ridges  is  seldom  traceable  very  far.  Southwest  of  the 
anterior  trap  ridge,  the  country  is  generally  soon  covered  with 
drift ;  but  occasionally  certain  beds  of  conglomerate  serve  to 
indicate  the  course  of  a  fault,  as  is  the  case  with  the  great 
fault  between  the  Hanging  Hills  and  Lamentation  Mountain, 
which  may  be  followed  two  miles  southwest  of  Meriden.  Ta 
the  northeast,  tlie  occurrence  of  a  second  posterior  ridge  in 
certain  localities  may  in  time  serve  to  unravel  the  fault  lines, 
as  it  has  already  for  the  fault  between  Chauncy  Peak  and  Higby 
Mountain,  which  is  thus  traced  about  three  miles  to  the  north- 
east of  the  gap  that  it  produces  in  the  main  sheet  All  these 
localities  are  given  in  detail  in  the  itinerary  of  the  summer 
school,  as  above. 

The  systematic  arrangement  of  the  faults  in  this  district, 
already  mentioned  in  earlier  papers,  is  thus  confirmed.  When 
this  is  once  perceived,  it  is  evident  that  the  normal  sequence  of 
the  Triassic  beds  can  be  found  only  by  crossing  the  monocline 
obliquely  to  the  northeast,  always  keeping  within  the  limits  of 
a  single  fault-block.  This  seems  to  me  to  be  the  key  to  the 
structure  of  the  region.  The  remainder  of  this  paper  is 
occupied  with  considerations  not  discussed  in  the  Bulletin. 

The  mechanism  suggested  to  account  for  the  production  of 
a  monocline  with  its  system  of  faults  thus  arranged  has  been 
in  the  mind  of  other  writers.  Some  fourteen  years  ago,  Mr. 
G.  K.  Gilbert  conceived  its  essential  features,  and  gave  a  brief 
account  of  it  in  his  description  of  the  Great  Basin  Ranges* 
He  made  the  theoretical  suggestion  "  that  iri  the  case  of  the 
Appalachians,  the  primary  phenomena  are  superficial ;  and  in 
that  of  the  Basin  Ranges  they  are  deep-seated,  the  superficial 
being  secondary  ;  that  such  a  force  as  has  crowded  together 
the  strata  of  the  Appalachians — whatever  may  have  been  its 

♦  Wheeler's  Surveys  west  of  the  1 00th  Meridian,  ill,  1876,  62. 
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ource — ^has  acted  in  the  Ranges  on  some  portion  of  the  earth's 
imst  beneath  the  immediate  surface ;  and  the  upper  strata,  by 
ontinually  adapting  themselves,  under  gravity,  to  the  inequal- 
ties  of  the  lower,  nave  assumed  the  forms  we  see.  Such  a 
lypothesis,  assigning  to  subterranean  determination  the  position 
.nd  direction  of  lines  of  uplift  in  the  Range  system,  and 
eaving  the  character  of  the  superficial  phenomena  to  depend 
►n  the  character  and  condition  of  the  superficial  materials, 
iccords  well  with  many  of  the  observed  facts,  and  especially 
fith  the  persistence  of  ridges  where  structures  are  changed." 
The  essential  peculiarities  of  the  method  for  the  production  of 
L  faulted  monocline  is  here  clearly  stated,  although  no  oppor- 
;unity  is  noted  for  independent  verification  of  the  suggestion, 
»uch  as  appears  in  Connecticut  in  the  correspondence  oetween 
;he  course  of  the  f-aults  and  the  trend  of  the  underlying 
schists. 

In  my  previous  paper  concerning  the  origin  of  the  faulted 
monocline,  no  special  consideration  was  given  to  the  cause  of 
the  discordance  between  the  course  of  the  faults  and  the  strike 
yi  the  beds  in  the  Meriden  region,  which  now  appears  as  so 
Jtrong  a  structural  characteristic  It  may  be  suggested  that 
this  is  the  result  of  a  force  of  compression  acting  on  the  whole 
Qiass  of  crystalline  and  overlying  rocks  in  a  direction  oblique 
Uy  the  strike  of  the  schists,  whose  structure  determines  the 
30urse  of  the  faults.  The  schists  trending  northeast  and  the 
3ompression  being  exerted  from  west  to  east  so  that  movement 
>f  any  point  in  the  schists  must  take  place  in  an  east  and  west 
(vertical  plane,  a  result  such  as  that  which  here  obtains  might 
be  produced.  A  consequence  of  this  would  appear  in  the 
tnuch  greater  uplift  given  to  the  southwestern  than  to  the 
Qortheastem  part  of  any  block  thus  obliquely  tilted  ;  but  the 
unworn  surface  of  any  block  would  slope  eastward,  in  the 
direction  of  the  dip  of  its  beds.  When  deeply  eroded,  the 
older  members  of  the  series  of  tilted  beds  would  be  revealed 
in  the  southwestern  part  of  the  block ;  while  the  newer  still 
remain  in  the  northeastern  part,  as  we  find  them. 

The  topographic  development  of  the  Meriden  region  and 
indeed  of  the  valley  as  a  whole,  may  be  briefly  sketched.  Its 
early  structural  topography,  such  as  would  have  resulted  from 
its  dislocation  without  erosion,  finds  modern  illustration  in  the 
tilted  lava  blocks  of  Southern  Idaho,  as  described  by  Russell. 
This  writer,  from  whose  vivid  descriptions  we  derive  so  clear 
a  picture  of  our  western  country,  says  that  the  whole  of  the 
Great  Basin — the  "immense  region  lying  between  the  Sierra 
Nevada  and  the  Rocky  Mountain  systems  has  been  broken  by 
a  multitude  of  fractures,  having  an  approximately  north  and 
south  trend,  that  divide  the  region  into  long,  narrow,  oro- 
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graphic  blocks.  These  have  been  tilted  so  as  to  form  small 
but  extremely  rugged  mountain  ranges,  often  from  fifty  to  a 
hundred  miles  in  length,  with  a  width  of  but  a  few  miles."— 
The  fractures  by  which  the  blocks  are  separated  "are  of  a 
comparatively  recent  date,  and  present  bold  scarps,  that  are 
frequently  but  slightly  scarred  by  erosion,  while  the  most 
recent  examples  of  all  were  unquestionably  formed  within  the 
past  few  years,  and  are  yet  unclothed  by  vegetation."  .  .  .  ''The 
exliibjtion  of  fault-scarps,  tilted  blocks,  and  sunken  areas,  to 
be  seen  at  the  southern  end  of  the  Warner  Lakes,  is  the  most 
interesting  of  its  kind  that  it  has  ever  been  our  privili^  to 
examine.  In  this  narrow  zone,  the  orographic  blocks  of  dark 
volcanic  rock  are  literally  tossed  about  like  the  cakes  of  ice 
in  an  ice-floe ;  their  upturned  edges  forming  bold  palisades 
that  render  the  region  all  but  impassable."  ..."  These  fault- 
scarps  rise  in  sheer  precipices  that  overshadow  the  Warner 
Lakes  throughout  their  entire  extent.  Toward  the  northern 
end  of  the  valley  the  great  fault-scarp  forming  its  eastern  wall 
sends  oflE  a  number  of  branches,  at  quite  regular  intervals,  with 
a  general  northwest  trend.  The  Mocks  thus  separated  pass 
under  the  lake  beds  that  floor  the  valley,  and  appear  again  on 
its  western  border,  where  they  form  cliffs  of  considerable 
height."  ..."  It  is  between  the  high  walls  enclosing  the 
southern  portion  of  the  valley  that  the  greatest  confusion  of 
the  minor  blocks  is  to  be  seen.  Many  of  these  fragments 
measure  a  mile  or  so  on  their  edges  and  are  tilted  in  various 
directions,  leaving  narrow  rugged  valleys  between  their  njv 
turned  margins.  The  diverse  tilting  and  the  numerous  fault- 
scarps  that  rise  without  system  into  naked  precipices  combine 
to  make  this  a  region  of  the  roughest  and  wildest  description." 
(Fourth  Ann.  Report  U.  S.  G.  S.,  443,  445,  446.) 

It  is  apparent  from  these  extracts  ancj  from  others  that  could 
be  quoted  that  while  southern  Oregon  has  a  more  complicated 
structure  than  that  of  the  Connecticut  Trias,  it  nevertheless 
serves  admirably  as  a  picture  of  the  early  stages  of  the  latter, 
when  its  faults  were  still  growing :  except  in  the  matter  of 
diverse  displacement  and  in  the  amount  oi  erosion  suffered,  the 
description  of  these  long  narrow  blocks  might  apply  to  those 
of  the  Connecticut  valley. 

The  blocks  in  Idaho  have  been  dislocated  so  rapidly  and  so 
recently  that  they  preserve  their  constructional  topography 
with  insignificant  alteration,  and  in  this  they  are  tlie  best 
examples  of  any  region  yet  described.  Nowhere  else  can  we 
find  so  good  an  illustration  of  a  mountain  system  in  its  infancy 
— almost  in  its  birth.      A  similar  constructional  topography 

Srobably  once  existed  in  Connecticut ;  but  it  has  long  since 
isappeared.     The  upper  surface  of  the  Triassic  region  bein^ 
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of  shales  or  sandstones,  instead  of  hard  sheets  of  lava,  presuma- 
hly  allowed  erosion  to  follow  displacement  rapidly,  but  it 
seems  highly  probable  that  the  topography  of  the  region  was 
for  a  considerable  time  closely  consequent  on  the  deformations 
that  closed  the  period  of  deposition  and  ushered  in  the  long 
cycle  of  erosion  that  has  since  then  endured  with  little  inter- 
ruption. 

As  time  went  on  and  the  forces  of  deformation  slackened, 
the  forces  of  erosion  made  better  headway  in  reducing  the 
region  to  a  water-sculptured  topography  ;  we  find  existing 
illustration  of  this  stage  of  the  history  of  central  Connecticut, 
in  the  present  form  of  the  central  ranees  of  the  Great  Basin. 
The  following  description  is  also  conaensed  from  accounts  by 
Russell. 

The  central  ranges  of  the  Great  Basin  are  structurally  com- 
posed of  long  narrow  blocks  of  bedded,  aqueous  and  igneous 
rocks  separated  by  faults  and  tilted  into  monoclinal  attitudes  ; 
but  the  simple  original  structural  form  that  they  may  once 
have  had  is  now  no  longer  immediately  apparent ;  the  oro- 
graphic blocks  here  have  been  long  enough  exposed  to  denuda- 
tion to  reduce  them  to  a  water-sculptured  form,  in  which  the 
slopes  are  trenched  by  numerous  ravines,  and  the  ridges  are 
notched  by  passes  which  break  the  crest-line  into  peaks,  and 
everywhere  develop  topographic  detail  dependent  on  the  un- 
equ^  hardness  of  the  bedded  components  of  the  mass.  Much 
of  the  detritus  taken  from  the  upper  portions  is  now  lodged 
in  the  depressions  between  the  adjacent  ranges.  Variety  of 
form  has  thus  been  gained,  and  a  marked  feature  of  this 
variety  is  that  it  all  tends  to  the  better  collection  and  discharge 
of  the  rain  that  falls  upon  the  ranges.  The  topographic 
variety  is  now  near  its  fullest  development,  and  with  further 
denudation  it  must  lose  strength  ;  the  ravines  will  consume 
more  of  the  mass,  the  passes  will  be  lowered  and  the  peaks 
will  be  attacked  and  reduced  from  all  sides.  The  original 
structural  form  will  be  then  even  less  distinct  than  now,  and 
a  continually  closer  approach  will  be  made  to  the  ultimate 
featureless  base-level  lowland,  to  which  all  land  forms  are  in 
time  reduced,  if  no  disturbance,  such  as  elevation,  interrupt 
the  normal  simple  progress  of  their  geographic  evolutioif. 

Some  mountainous  variety  of  form  must  in  a  similar  manner 
have  obtained  for  a  time  in  central  Connecticut  and  Massa- 
chusetts, when  the  strongly  faulted  monoclinal  blocks  were 
laterally  furrowed  by  ravines  and  notched  by  passes.  This 
may  be  provisionally  called  the  Jurassic  stage  of  the  evolution 
of  our  district  But  even  mountainous  ridges  are  not  permar 
nent  Given  time  enough,  and  the  faulted  ridges  of  Connecti- 
cut must  be  reduced  to  a  low  base-level  plain.     I  believe  that 
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time  enoagh  has  already  been  allowed,  and  that  the  strong 
Jurassic  topography  was  really  worn  out  somewhere  in  CreU- 
ceous  time,  when  all  this  part  of  the  country  was  reduced  to  a 
nearly  featureless  plain,  a  ^^ peneplain^^^  as  1  would  call  it,  it 
a  low  level ;  a  plain  that  was  broadly  uplifted  in  early  Tertian- 
time — or  thereabouts — and  thus  thrown  into  another  cycle  of 
destructive  development,  and  whose  elevated  remnants  are 
now  to  be  recognized  in  the  crystalline  uplands  on  either  side 
of  the  present  Triassic  valley  of  Connecticut  and  Mafisachusotth 
(Emerson),  and  in  .the  crest-line  summits  of  the  main  trap 
ridges.  The  general  equality  of  upland  altitude  on  very  diverse 
structures  is  the  essential  argument  for  the  base-leveling  of  the 
region ;   but  it  is  not  intended  to  discuss  this  in  detail  at 

{)re8ent.  The  post-cretaceous  elevation  that  lifted  the  ancient 
owlands  was  greater  in  the  interior  than  near  the  coast,  and 
our  present  valleys  are  deeply  sunk  and  broadly  opened  in  it 
An  extension  of  the  same  ancient  lowland,  now  similarly  ele- 
vated and  dissected,  is  to  be  found  in  northern  New  Jersey 
Standing  on  a  commanding  point  of  view,  such  as  the  fine 
drumlin  a  mile  or  more  southeast  of  Meriden,  whence  the  main 
trap  ridges  mav  be  seen  for  many  miles  north  and  south,  one 
must  in  imagination  refill  the  low  ground  with  the  shales, 
sandstones  and  conglomerates  that  have  been  worn  away,  and 
thus  raise  the  surface  up  to  the  level  of  the  main  trap  ridges, 
or  even  a  little  higher,  in  order  to  perceive  the  fonn  attained 
by  the  land  in  the  late  stage  of  the  degradation  of  the  dislo- 
cated Triassic  blocks,  when  all  this  region  stood  lower.  It 
was  only  after  the  close  of  this  first  cycle  of  degradation  and 
after  the  elevation  of  the  country  to  something  like  its  actnal 
altitude  at  a  later  date  that  the  beginning  of  the  present  or 
second  cycle  of  valley-making  was  reached.  Some  unmeasured 
part  of  the  Tertiary  and  later  time  has  been  allowed  for  this 
part  of  the  work.  In  the  crystalline  rocks,  the  valleys  are 
narrow  and  steep  sided,  as  is  so  finely  shown  in  the  expressive 
topographic  map-sheets  of  western  Massachusetts ;  but  in  the 
Triassic  area,  where  the  sandstones  are  relatively  soft,  the 
valleys  have  been  widened  out  into  broad  lowlands,  only  the 
thicker  trap-sheets  retaining  still  some  indication  of  their 
former  altitude.  The  latest  touches  have  been  given  to  their 
form  by  glacial  action,  both  destructive  and  constructive,  as 
well  as  by  river  deposits  in  the  valley  bottoms  and  by  estuary 
deposits  in  the  coastal  districts.  Except  in  terrace  and  gorce 
cutting,  post-glacial  erosion  is  insignificant.  If  this  sketch  be 
correct,  we  may  conclude  that  the  present  topography  is  not 
an  immediate  product  of  erosion  on  the  Jurassic  deformations 
of  the  Triassic  beds  ;  it  is  an  uncompleted  advance  in  a  second 
cycle  of  development,  with  recent  complications  by  glacial  a^ 
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tion  and  slight  changes  of  level.  Like  mountains  of  repeated 
growth,  this  topography  may  be  called  "  polygenetic."  The 
present  form  of  the  region  is  modeled  with  reference  to  at 
Least  two  base-levels. 

Just  as  southern  Idaho  and  central  Nevada  furnish  illustra- 
tion of  the  initial  and  somewhat  advanced  topographic  forms 
assumed  in  the  development  of  our  Connecticut  district,  so 
there  will  doubtless  be  round  somewhere  on  the  earth,  regions 
of  similar  structure,  presenting  actual  illustrations  of  it^  later 
stages,  when  its  stronger  forms  were  subdued  and  finally  worn 
down  to  the  featureless  surface  or  peneplain  of  its  old  age. 
Thus  the  evolution  of  the  region  will  be  better  understood. 
By  this  process  of  comparison,*  we  may  not  only  restore  in 
some  measure  the  past  history  of  our  region,  but  may  as  well 
look  into  its  possible  future.  When  later  elevation  raises  our 
eastern  continental  slope  to  still  greater  altitude  and  exposes 
the  mass  of  the  land  to  still  deeper  attack  by  erosive,  forces, 
it  may  happen  that  the  base-levei  will  take  such  a  position 
as  to  allow  the  discoverv  of  the  ridges  of  fundamental  crystal- 
lines between  the  fault  lines  at  the  base  of  the  Triassic  trough  ; 
and  this  stage  has  its  forerunner  in  a  district  of  northern 
China  (Shantung),  described  by  Richthofen.f  The  structure 
of  the  district  is  summarized  as  consisting  of  crystalline  schists 
of  steep  dip,  unconformably  overlain  by  Cambrian  sediments ; 
this  compound  mass  is  broken  by  a  system  of  sub-parallel 
faults  running  east  or  southeast,  with  upthrow  on  the  southern 
side,  and  with  a  tilting  of  the  faulted  blocks  by  which  the 
uncomformable  cover  oi  Cambrian  sedin^ents  dips  southward 
toward  the  faults.  The  deformation  is  ancient,  and  subsequent 
denudation  has  exposed  the  fundamental  crystallines  in  long 
narrow  ridges,  which  by  their  superior  hardness  have  become 
water  sheds  (whether  they  have  always  been  so  or  not  does  not 
appear,  as  the  successive  cycles  of  river  history  from  the  first 
to  the  present  are  not  deciphered),  while  the  Cambrian  sedi- 
ments remain  in  narrow  monoclinal  strips  between  every  ridge 
and  the  next  fault  to  the  south.  The  bottom  of  our  Connec- 
ticut trough  may  some  day  be  worn  into  similar  ridges  and 
valleys. 

*  During  the  preparation  of  this  paper,  I  have  had  pleasure  in  meeting  evidence 
of  the  value  of  the  method  here  outlined  in  an  essay  bj  Dr.  V.  Hilber  of  Graz, 
Aastria  In  discussing  the  orig;in  of  cross-valleys,  he  suggests  an  inductive 
illustration  of  their  development,  as  follows :  **  Auch  eine  Methode  welche  in  der 
vergleichende  Erdkunde  noch  kaum  A^nwendung  gefunden  hat,  wolche  aber  auch 
fur  andre  Frageo  derselben  berucksichtigenswert  erscheint  .  .  .  .  ist  das  Auf- 
suchen  derjenigen  Oberflachenformen,  welche  als  Bntwickelungsstadien  der  vol- 
lendeten  Brscheinung  betrachtet  werden  konnen."  Die  Bildung  der  Durchgangs- 
thaler,  Pet.  Mitth,  xxiv.  1889,  15. 

t  China,  II,  239,  Fig.  56.  See  also  Philippson,  Studien  iiber  Wasserscheiden, 
119. 
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There  is  a  peculiarity  of  the  drainage  of  the  Triassic  belt 
that  perhaps  nnds  explanation  through  considerations  such  as 
the  abova  The  Connecticut  river  from  where  it  receives  tk 
Passumpsic  between  northern  New  Hampshire  and  Vermont, 
follows  a  HnQ  of  ancient  slates  that  lead  it  southward  with 
direct  course  to  the  Triassic  formation  in  northern  Massachu- 
setts ;  it  crosses  this  State  with  tolerably  direct  southern  course 
and  continues  in  much  the  same  line  across  Connecticut  as  far 
as  Hartford  ;  but  there  it  turns  to  the  southeast,  and  at  Middle- 
town  it  leaves  the  soft  Triassic  rocks  and  enters  the  hard 
crystallines,  which  it  follows  through  a  deep  and  rather  steep- 
siaed  valley  to  the  Sound  at  Saybrook.  This  departure  from 
the  low  escape  now  open  to  the  river  along  the  line  of  easy 
fijrades  that  is  followed  by  the  Consolidated  railroad  from 
Hartford  to  New  Haven,  calls  for  some  special  explanation 
It  is  evidently  an  example  of  the  same  kind  as  those  described 
by  Jukes  in  his  famous  paper,  "  On  the  mode  of  formation  of 
some  of  the  river  valleys  in  the  south  of  Ireland,"  But  it 
remains  to  be  seen  why  the  Connecticut  should  turn  from  the 
Triassic  belt  of  soft  sandstones  which  here  might  lead  it  to  the 
sea,  and  why  if  so  turning  it  should  take  a  course  to  the  south- 
east rather  than  to  the  southwest. 

Let  it  be  admitted  for  the  moment  that  the  present  course  of 
the  river  is  in  the  main  inherited  from  the  course  that  it  had 
at  the  end  of  the  development  of  the  Cretaceous  lowland; 
and  that  the  course  that  it  had  during  this  early  cycle  of 
development  was  consequent  upon  the  original  dislocations  of 
the  Triassic  surface.  It  is  natural  enough  that  the  initial 
drainage  of  a  faulted  area  should  be  consequent ;  we  have 
excellent  illustrations  of  immediately  consequent  drainage  in 
the  lava  block  country  of  southern  Idaho,  already  referr^  to. 
Now  if  we  can  independently  determine  the  probable  direction 
of  consequent  drainage  immediately  after  the  time  of  dislocation 
in  the  lower  Connecticut  valley,  and  if  this  correspond  to  the 
present  course  of  the  Connecticut  where  it  turns  from  the 
Triassic  to  the  Crystalline  rocks,  the  explanation  offered  may 
be  at  least  deemed  worthy  of  further  examination. 

The  simplest  method  of  determining  the  direction  of  tlie 
initial  consequent  drainage  of  the  dislocated  Triassic  surface 
involves  a  reconstruction  of  the  primitive  form  that  the  surface 
would  have  had  if  its  dislocation  had  not  been  accompanied  by 
erosion ;  the  '^  structural  surface "  of  la  Noe  and  Mai^rie. 
This  may  be  done  most  easily  bv  developing  the  surface  of  the 
great  lava  flow  that  we  now  call  the  main  trap  sheet ;  restor- 
ing its  lost  portions  by  extending  it  upwards  into  the  air  along 
the  plane  of  its  dip,  and  stripping  it  bare  where  still  covered ; 
but  limiting  every  part  of  the  reconstructed  surface  by  the 
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fault  planes  that  bound  the  several  blocks.  The  original 
surface  of  the  uppermost  bed  of  sandstone  would  have  been 
essentially  parallel  to  this  surface  of  the  trap  sheet,  but  a  few 
thousand  feet  higher. 

Percival  long  ago  called  attention  to  the  great  curve  of  the 
main  trap  sheet  from  the  Hanging  Hills  to  Mount  Holyoke  in 
Massachusetts.  The  restored  surface  of  the  sheet,  although 
somewhat  interrupted  by  faults,  forms  a  great  half-boat,  with 
the  keel  along  the  line  joining  the  ends  of  the  curve  and  the 
western  side  of  the  boat  following  the  main  trap  ridge.  The 
boat  may  be  enlarged  by  extending  the  sheet  southeast  from 
the  Hanging  Hills  through  Lamentation,  Higby  (Besick),  Paug 
and  Toket  Mountains  to  the  eastern  margin  of  the  Triassic 
formation  north  of  Branford.  In  this  portion  of  the  curve, 
the  faults  are  much  stronger  than  farther  north  ;  but  viewed 
in  a  large  way,  the  whole  sheet  from  Toket  to  Holyoke  may 
be  regarded  as  a  somewhat  broken  half-boat,  in  the  attitude 
already  described,  with  the  bow  at  Belchertown,  Massachusetts, 
and  the  stem  above  Branford,  Connecticut.  Before  the  Creta- 
ceous base-leveling  was  completed,  the  western  side  of  the 
half-boat  reached  much  higher  into  the  air  than  the  crests  of 
the  main  ridges  reach  now. 

The  upper  surface  of  the  Triassic  formation  would  have  had 
a  form  similar  to  this,  if  not  eroded.  A  drainage-system 
established  upon  it  must  have  found  outlet  not  to  the  west  or 
south,  where  the  side  and  the  stem  of  the  boat  prevented 
discharge,  but  to  the  east,  where  the  boat  was  open,  and  the 
location  of  the  discharge  would  be  somewhere  about  the  lowest 
point  of  the  keel.  In  other  words,  the  chief  stream  of  the 
region,  during  the  early  development  of  the  dislocated  country, 
would  have  run  out  to  the  east,  some  distance  north  of  the 
point  where  the  main  sheet  now  reaches  the  crystalline  rocks 
on  the  eastern  margin  of  the  formation.  This  corresponds 
with  the  general  course  of  the  Connecticut  closely  enough  to 
give  some  degree  of  acceptance  to  the  explanation  ;  and  the 
lower  Connecticut  may  therefore  be  tentatively  classified  as  an 
originally  consequent  stream,  which  has  lived  far  through  one 
cycle  of  life,  and  has  now  in  obedience  to  the  general  eleva- 
tion of  its  drainage  area,  entered  a  second  cycle  in  which  it 
is  well  advanced,  still  persisting  more  or  less  closely  in  the 
course  chosen  in  its  first  cycle. 

Thus  explained,  it  may  be  called  in  this  portion  of  its  valley 
a  revived  river  of  originally  consequent  course.  It  is  not 
intended  to  imply  that  the  dislocated  Triassic  region  ever  had 
a  purely  "  structural  surface ;"  but  only  to  indicate  that  the 
summation  of  all  the  movements  of  deformation,  which  would 
produce  such  a  surface,  suflBced  to  throw  the  drainage  of  the 
region  into  the  area  of  least  elevation. 
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The  objection  to  the  explanation  does  not  seem  to  me  to  be 
in  its  inherent  improbabihty,  for  I  believe  that  every  step  in 
the  process  may  find  its  homolo^e  in  the  present  staged 
other  regions  of  similar  structure  but  less  age.  The  objection 
lies  rather  in  a  difficulty  not  yet  named  ;  namely  in  the  occur- 
rence of  a  strong  fault  or  series  of  faults,  by  which  the  eastern 
margin  of  the  formation  is  determined,  and  whose  upthrow  ii' 
on  the  east.  The  drainage  from  the  centripetal  slopes  of  the 
Triassic  half-boat  must  have  surmounted  this  barrier  in  order 
to  flow  to  Saybrook,  and  in  doing  so  may  have  formed  a  larce 
lake  in  the  bottom  of  the  boat,  to  be  drained  later  on  when  tne 
outlet  was  deepened.  Whether  suppositions  so  transcendental 
as  these  shall  be  approved  remains  to  be  seen. 

Cambridge,  Mass.,  February,  1889. 


Art.    XLIV. — Analyses  of  three   Desdoizites  from  new 
Localities;  by  W.  F.  Hillebrand. 

[Read  before  the  Colorado  ScieDtiflc  Society,  Mar.  4th,  1889.] 

1.  Mayflower  Mine^  Bald  Mountain  Mining  District^  Beaver- 
head Cotcnty^  Montana, 

Through  Messrs.  W.  H.  Beck  and  George  E.  Lemon  of 
Washington,  D.  C,  was  received  about  a  year  ago  for  exam- 
ination a  large  lump  of  friable,  uncrystallized  material,  having 
a  dull  yellow  to  pale  orange  color,  and  consisting  chiefly  of  a 
vanadate,  but  carrying  a  large  percentage  of  gangue.  Twc 
samples  as  pure  as  could  be  selected  from  diflEerent  parts  of  the 
lump  were  analyzed  with  the  following  results  : 
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From  I  27*62  per  cent  of  gangue  insoluble  in  cold  dilute 
nitric  acid  has  been  deducted,  and  from  II  22*20  per  cent: 
manganese  was  present  in  the  gangue  in  small  quantity,  appar- 
ently as  pyrolusite,  but  it  was  not  dissolved  by  the  acid.  The 
insoluble  portion  was  found  also  to  retain  very  small  quantities 
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of  lead  and  zinc,  which  were  estimated  and  included  in  the 
analysis  as  probably  belonging  to  the  vanadate.  The  water 
had  to  be  estimated  indirectly  by  deducting  from  the  total 
amount  of  water  afforded  by  the  dried  mixture  of  vanadate 
and  gangue  that  belonging  to  the  latter  alone,  which  was  found 
as  follows.  The  mixture,  dried  at  100*^  C,  was  dissolved  in 
cold  dilute  nitric  acid,  and  the  insoluble  matter  collected  in  a 
Gooch  crucible  was  dried  at  the  same  temperature  and  then 
ignited.  The  loss  on  ignition  ^ve  the  water  in  the  gangue, 
there  being  no  ferrous  iron  in  the  latter  to  influence  the  result. 
The  traces  of  SiO„  CaO  and  MgO  may  be  neglected  as  proba- 
bly derived  from  the  gangue.  "The  water,  it  will  be  noticed, 
is  double  that  required  by  descloizite,  R5(0H)V0^,  but  in 
view  of  the  liability  to  error  inherent  in  the  method  of  water 
estimation  employed  this  is  not  deemed  sufficient  cause  for 
separating  the  mineral  from  descloizite,  although  the  close 
agreement  of  the  two  water  determinations,  made  as  they  were 
on  samples  containing  different  proportions  of  gangue,  would 
indicate  the  correctness  of  the  formula  2[R,(0H)V0J-f-H,0. 

Other  specimens  have  since  been  received  from  the  above 
named  persons  in  which  the  earthy  vanadate  was  associated 
sometimes  with  compact  cerussite  and  galena  in  process  of 
alteration.  A  dull  reddish  substance  which  constituted  a  part 
or  even  the  whole  of  some  lumps  contained,  besides  silica,  iron 
and  some  antimony  in  an  oxidized  condition,  but  carried  little 
or  no  vanadium. 

Professor  F.  A.  Genth  has  already  called  attention*  to  the 
occurrence  of  vanadinite  and  probably  of  descloizite  in  the 
Bald  Mountain  mine,  Beaverhead  County,  Montana.  His 
specimens,  however,  showed  the  supposed  descloizite  as  a  pale 
brownish  crystalline  coating  on  yellow  ferruginous  quartz, 
whereas  the  present  mineral  shows  no  evidence  of  crystalline 
structure. 

2.  Commercial  Mine,  Georgetown,  Qrant  County,  New  Mexico, 

This  is  one  of  the  most  interesting  occurrences  of  descloizite 
known,  because  of  the  extreme  brilliancy  of  coloring  of  the 
mineral.  The  ore  bodies  in  the  Commercial  mine,  as  well  as 
in  the  adjoining  MacGregor  and  Naiad  Queen  mines,  occur  in 
limestone  immediately  under  an  overlying  slate,  and  appear  to 
narrow  in  depth  where  certain  eruptive  dikes  cut  through  the 
lime,  as  Mr.  Macintosh,  foreman  of  the  Commercial  mine,  in- 
formed me.  The  absence  of  the  superintendents  of  the  several 
mines  and  the  very  brief  visit  I  was  forced  to  make  prevented 
obtaining  more  certain  and  detailed  information. 

*  Proc.  Am.  Phil.  Soc.,  xxiv,  38,  1887. 
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In  places  where  the  rock  is  ma^  fnetnred  aod  emaud^ 
descloizite  appears  in  greatest  qnanmr  and  finest  coo£dmii 
an  incmstation  on  quartz,  often  covering  l^^F^  ^iir£ice&  adk 
color  varring  from  jellow  throogfa  all  shades  of  ocaacMcd* 
deep  red^h  brown*  the  last  named  colors  pred'^mmasiiis,  lb 
black  color  so  frequent  in  deecloixite  from  Lake  VaDej.  5ef 
Mexico,  caosed  bj  a  superficial  coating  or  admixtvie  oc  pm- 
luftite,  \&  so  far  as  my  obeenration  extended,  wmamg.  hatt 
specimens  from  Georgetown  are  likelj  to  be  much  ^ovehs  ite 
for  their  showr  appearance.  A  specimen  in  one  of  me  iwib 
at  Silver  City,  New  Mexico,  taken  from  one  of  the  Geoigitoii 
mines,  resembled  a  stalactite  in  form.  It  wa»  prolttbtT  filb 
three  feet  in  height  bv  six  to  eight  inches  or  noore  in  diameca; 
and  was  deep  reddish  brown  in  color. 

The  incrustations  are  for  the  neater  part  distinctiv  crrstii- 
line  and  are  generally  made  up  oi  aggr^ates  of  moi^  or  loi 
globular  forms  of  a  size  ranging  from  microscopic  to  a  diamelff 
of  one  or  two  millimeters.  Each  of  these  is  composed  <rf  a 
^reat  number  of  apparently  flat  crystals,  interpx>wiu  and  pio- 
jecting  sufficiently  from  the  surface  to  give  brilliant  refleetiaiii 
when7>bserved  under  the  lens,  and  to  the  naked  eye  a  fronted 
appearance  where  the  globular  growths  are  largest.  The 
nctiest  reddish  brown  color  is  always  coincident  with  this 
development   in   size.      The  globular  character  changes  fre^ 

Suently  to  acicular.  In  such  cases  the  incrustation  seems  to 
ave  originally  formed  on  bunches  of  radiating  acicular,  almo^ 
colorless,  vanadinite,  which  frequently  appears  thus  coating  the 
quartz  and  running  under  the  descloizite  incrustations.  Some- 
times the  vanadinite  has  entirely  disappeared,  and  then  there 
may  be  a  hollow  through  the  center  oi  the  descloizite  needle. 

'The  occurrence  of  vanadate  of  lead  in  the  MacGr^or  mine  at 
Georgetown  has  been  noticed  by  Professor  Genth  (L  c,  p.  3S). 
Tlie  s[>ecific  gravity  of  the  mineral  was  not  determinea ;  the 
hardness  is  al>out  3*5  ;  the  color  of  the  powder  is  onmge- 
y  el  low.  An  analysis  gave  the  following  results  after  deduct- 
ing 11-01  per  cent  of  insoluble  matter,  almost  entirely  quartz. 
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third  column  of  molecular  ratios  ffives  those  values 
.llowing  for  admixed  vanadinite  calculated  on  the  basis 
t  chlonne  found.  A  further  correction  has  probably  to 
ie  for  an  admixed  soluble  hydrous  (zinc  ?)  silicate,  which 
make  the  ratio  approximate  more  closely  to  4 : 1 : 1. 

^jucky  Cuss  Miney  Tombstone^  Cochise  County^  Arizona, 

W.  F.  Staunton,  Superintendent  of  the  Tombstone  Mining 
illing  Co.,  and  Mr.  Frank  C.  Earle,  assayer  at  Tombstone, 

placed  at  my  disposal  for  examination  specimens  of  a 

um  mineral  the  identity  of  which  had  not  been  estaV 

It  was  found  in  the  Lucky  Cuss  mine  as  an  incrusta- 

3metime8  half  an  inch  thick,  on  quartz,  showing  more 

botryoidal  surfaces  of  an  indefinable  dull  greenish  color. 

fractured  surface  the  color  is  brown ;  the  luster  is 
IS ;  the  structure  granular,  only  occasionally  diverging 
\  :  the  hardness  3*5 ;  the  specific  gravity  of  sample 
ed,  containing  a  little  impurity,  6"88  at  19°  C. ;  color  of 
r  lemon-yellow.  Analysis  gave  the  following  results 
leducting  0*67  per  cent  of  insoluble  matter. 
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low  total  is  probably  owing  to  a  \<m  of  ziDC  during 
8.     Calcite  was  present  as  an  impurity,  and  as  the  OU, 
ffices  for  the  CaO  and  MgO  these  are  rejected  m  con- 
g  the  composition  of  the  vanadate.     The  bcures  in  ttie 
jolumn  of  molecular  ratios  are   found  by  aHowing  for 
Jy  admixed   vanadinite   calculated   from   the  ch  orme 
In  another  specimen  a  qualitative  test  for  chlonae 
ed  a  greater  admixture  of  vanadinite.     As  in  the  case  of 
acloilte  from    Georgetown,    New    Mexico    previously 
ed,  a  further  allowance  has  perhaps  to  be    "ade  fo,   ^ 

hVdrous  silicate.      There   can   be  "«  doubt  that    t\x, 
1  fomuU  for  the  vanadate  is  that  of  descloizit*. 
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In  almost  every  respect  this  mineral  resembles,  so  far  as  tbe 

fublished  descriptions  allow  of  judging,  the  descloizite  of 
^enfield,*  the  cupro-descloizite  of  Rammelsberg,t  and  the 
ramirite  of  de  Leon,:]:  perhaps  also  the  tritochorite  of  Frenzel^ 
to  the  similarity  of  which  with  his  variety  of  descloizite  Pen- 
field  draws  attention  in  his  paper.  Professor  Genth's  surmise 
(1.  c,  p.  39)  of  the  specific  identity  of  all  these  substances 
seems  highly  probable.  Characteristic  for  the  present  variety 
is  the  greater  replacement  of  the  lead-zinc  vanadate — true 
descloizite — by  the  isomorphous  lead-copper  vanadate,  and  the 
lessened  tendency  toward  a  fibrous  structure,  which  in  the 
other  varieties  described  seems  to  be  a  decidedly  pronounced 
feature.  Possibly  this  last  characteristic  of  the  Tombetone 
mineral,  if  it  be  not  accidental  in  view  of  the  few  specimeofi 
(three)  examined,  is  a  condition  of  the  first. 

According  to  Rammelsberg,||  the  lead-copper  vanadate  cor- 
responding to  the  lead-zinc  vanadate  (descloizite)  is  mottramite 
or  psittacinite,  though  it  eeems  not  improbable  that  it  may  be 
the  chileite  of  Dana's  Mineralogy.  Domeyko's  analyses,^ 
which  led  Kenngott  to  ascribe  the  above  name  to  the  Chilian 
mineral,  sliow  a  deficiency  of  2*5  and  2*8  per  cent,  which  may 
very  well  be  V^O^.  At  all  events,  a  recalculation  of  his 
analyses  based  on  this  assumption  leads  to  a  proportion  for 
PbO+CuO  :  V,0, :  H,0  of  neariy  4:1:1. 

In  view  of  the  well  defined  character  of  all  these  highly 
cupriferous  varieties  of  descloizite  it  would  be  well  to  designate 
them  once  for  all  by  some  distinctive  name.  Tritochorite 
would  have  precedence  if  the  substance  to  which  that  name 
has  been  given  is  really  identical  with  the  others,  but  Kaui- 
melsberg's  cupro-descloizite  is  more  appropriate  as  indicating 
at  once  the  relationship  to  descloizite,  and  I  would  suggest 
that  it  be  hencefoilh  used  for  all  cupriferous  descloizites  show- 
ing the  physical  characteristics  of  the  mineral  above  described 

Note. — Since  the  foregoing  was  written  there  baa  appeared  iu 
tbe  Bull.  Soc.  Franc.  Min.,  Feb.,  1889,  p.  38,  a  paper  by  F.  Pisani, 
in  which  he  gives  another  analysis  of  the  Mexican  cupro-descloizite 
and  discusseiB  briefly  the  relations  of  various  vanadates.  Tbe 
essential  identity  of  all  the  above  enumerated  cupriferous  lead- 
zinc  vanadates,  with  the  addition  of  another — sebafTnerite — con- 
cerning which  I  have  been  unable  to  find  any  further  reference  in 
mineralopjical  literature,  is  therein  upheld,  and  the  suggestion  of 
Penfield's   regarding   the   possible   identity   of  tritocnorite  aod 

♦  This  Journal,  III,  ixvi,  361,  1883. 

f  Monatsb.  Berl.  Acad.,  1883,  1215. 

X  La  Ramirita,  niieva  esp^ce  miDeral,  Mexico,  1885. 

5  Tschermak's  Min.  and  Petr.  Milth.,  iii.  506,  1880;  iv,  97,  1881. 

I  Chemische  Natur  der  Mineralien,  p.  32. 

t  Ann.  d.  Mines,  IV,  xiv,  150,  1848;   Phil.  Mag.,  Ill,  xxriT,  396,  1849. 
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^apro-deBcloizite  is  confirmed  by  Frenzol  himBelf,  who  is  quoted  as 
vntiDg  to  Professor  DesOloizeaux  that  be  bad  not  tbougbt  it 
□ecessaiy  to  coneider  ae  an  eesential  constitaent  the  two  per  cent 
of  water  wbicb  be  bad  found  in  tritochorile. 


Abt.  XLV. — A  new  Meteorite  from  Mexico ;  by  J.  Edwabd 
Whitfield. 

While  in  Mexico  dnrine  the  aummer  of  1888,  Prof.  H.  A. 
Ward,  of  Ward  and  Howell,  Rochester,  N,  Y.,  obtained  an  im- 
deBcribed  maes  of  metoric  iron  weighing  33'0  Idloe. 

The  meteorite  was  fonnd  on  a  peak  of  the  Sierra  de  San 
Francisco,  called  La  Bella  Roca,  in  front  of  Santiago  Papas- 

Saiaro  in  the  state  of  Durango.     The  date  of  ita  discovery  and 
le  name  of  the  iinder  are  unknown. 


The  two  greatest  dimensions  of  the  mass  are  24'13™  X 
54-92™ ;  an  idea  of  the  shape  and  general  appearance  may  be 
had  from  the  accompanying  cut  which  shows  what  is  supposed 
to  be  the  front  and  back  of  the  meteorite,  at  least  during  the 
latter  part  of  its  flight 

Ak.  Jodr.  Sol— Thied  Sbkies,  Voi.  XSSVII,  No.  222.-JnNE,  1889. 
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The  composition  of  the  metallic  portion  does  not  difier 
materially  from  that  of  other  meteorite  irons  as  the  following 
analysis  will  show. 

Pe 91-48 

Ni 7-92 

Co 0-22 

P 0-21 

S 0-21 

C 006 

100-10 

A  feature  of  the  meteorite  is  the  presence  of  large,  deep 

Sittings  on  one  side ;  these  are  a  little  greater  in  diameter  jost 
elow  than  immediately  at  the  sorface  and  each  one  has  i 
little  substance  left  at  the  bottom,  which  evidently  is  the  re- 
mains of  what  originally  filled  the  cavities.  I  succeeded  in 
breaking  from  the  bottom  of  one  pitting  material  sufficient  to 
detennine  its  nature.  It  proved  to  be  troilite  as  the  analysis 
will  show. 

NiS  2-13,  PeS  86-27,  Pe  9-37. 

The  exposed  surface  of  the  troilite  was  greatly  decomposed; 
this  portion  gave  by  analysis  the  following  figures. 

NiS  2-07,  FeS  37-51,  Fe,0,  37*80,     Moisture  =19-85. 

This  decomposition  gives  grounds  for  the  idea  that  the  deep 
pittings  were  formed  by  the  removal  of  troilite  nodules,  partly 
while  the  mass  was  hot  and  partly  by  the  subsequent  weather- 
ing. 

There  are  nodules  of  troilite  throughout  the  entire  mase  of 
the  meteorite  but  none  are  removed,  so  as  to  form  pittings,  on 
any  other  part  of  the  surface  but  the  side  which  is  supposed  to 
have  been  the  front. 

The  muss  is  deeply  furrowed,  as  may  be  seen  to  some  extent 
in  the  figure,  ana  all  the  furrows  tend  away  from  the  side 
containing  the  pittings. 

Slices  of  the  meteorite,  when  etched,  show  rather  coarse 
Widmanstattian  figures  and  also  dark  diagonal  bands  of  troi- 
lite. 

From  the  locality  in  which  this  meteorite  was  found  it  is  bnt 
proper  that  it  should  be  called  '*  La  Bella  Roca.'* 

I  am  indebted  to  Messrs.  Ward  and  Howell  for  the  material 
for  examination  and  the  privilege  of  description. 

Chemical  Tjaboratorj,  U.  S.  Geol.  Survey, 
WashiDgton,  D.  C,  March  3d,  1889. 
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_Art.  XLVI. — Contributions  to  the  Petrogra^phy  of  the  Sand- 
wich Islands ;  by  Edward  S.  Dana.    With  Plate  XIV. 

The  rock  specimens,  the  results  of  whose  study  are  detailed 
in  the  following  pages,  were  in  part  collected  by  Professor  James 
D.  Dana  on  his  trip  to  the  Sandwich  Islands  in  August,  1887, 
and  the  remainder  by  the  Rev.  E.  P.  Baker  of  Hilo  in  1888. 
The  first  series  includes  about  thirty  specimens  from  Kilauea, 
a  third  of  them  from  the  projectile  deposits  on  its  borders ; 
several  from  other  points  in  Hawaii ;  about  a  dozen  specimens 
from  the  island  oi  Maui,  chiefly  from  the  extinct  crater  of 
Haleakala ;  and  finally  an  equal  number  from  different  points 
on  the  island  of  Oahu.  The  special  localities  are  mentioned 
beyond.  The  second  series  of  specimens  are  all  from  Hawaii, 
and  chiefly  from  Mokuaweoweo,  the  summit  crater  of  Mauna 
Loa.  There  are  also  a  few  specimens  from  Makaopuhi  and 
Nanawale  on  Hawaii,  points  which  belong  to  the  Kilauea 
region. 

For  our  present  knowledge  of  Hawaiian  lavas  we  are  in- 
debted in  the  first  place  to  the  general  descriptions  of  J.  D. 
Dana  in  the  Geology  of  the  Exploring  Expedition  (1849), 
and  W.  T.  JBrigham  in  his  Notes*  on  the  v  olcanoes  of  the 
Hawaiian  Islands  (1868);  also  C.  E.  Dutton  (1884)  and  others. 
On  the  other  hand,  on  the  petrographical  side,  there  have  been 
published  the  microscopic  study  of  basaltic  glass  of  Hawaii, 
especially  Pele's  Hair,  by  Krukenbergf  in  1877  ;  a  paper  by 
Cohen:j:  devoted  chiefly  to  the  glassy  basaltic  lavas  of  Hawaii ; 
brief  descriptions  of  isolated  specimens  of  nepheline  basalts 
believed  to  have  come  from  Oahu  by  Wichmann§  and  by 
Rosenbusch  ;||  finally  a  recent  memoir  by  Silvestri^  describing 
a  series  of  ancient  and  modern  lavas  from  Kilauea  coUectea 
by  Prof.  Tacchini  in  1883. 

1.  Lavas  of  Mauna  Loa  and  its  sumrnit  crater^  Mokuaweoweo, 

For  the  collection  of  lava  specimens  from  the  summit  crater 
of  Mauna  Loa,  the  writer  is  indebted,  as  is  stated  above,  to  the 
Rev.  E.  P.  Baker.**   The  collection  is  a  large  one  and  evidently 

♦  Mem.  Boston  Soc.  Nat.  Hist.,  vol.  i,  pt.  3. 

f  Mikrodraphie  der  Glasbasalte  vod  Hawaii,  petrographische  Untersuchunff  von 
C.  P.  W.  Krukenberg,  Tubingen,  1877. 

t  Jahrb.  Min.,  vol.  ii,  23,  1880. 

§Jahrb.  Min.,  172,  1875. 

I  Mass.  Gestoine,  510,  1877. 

If  Bull.  Com.  Geol.  d'ltalia,  xix,  128-143,  168-196,  1888. 

♦♦  Mr.  Baker's  extended  trip  over  Hawaii,  which  included,  besides  an  explora- 
tion of  the  summit  crater,  a  visit  to  the  sources  of  several  of  the  great  lava 
streams,  was  undertaken  in  order  to  make  the  collections  of  rocks  and  gather 
facts  with  regard  to  the  eruptions,  and  some  extracts  from  his  notes  are  published 
in  Uiis  yolume  at  p.  52.    The  results  have  proved  to  be  of  very  great  interest 
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represents  well  the  characteristic  types  of  rocks.  It  numbers, 
exclusive  of  the  "  pumice  "  and  scona  upwards  of  seventy  speci- 
mens ;  of  these  about  fifty  have  been  subjected  to  microscopic 
study.  In  regard  to  the  geographical  distribution  of  the  rock 
with  reference  to  their  relative  age  but  little  can  be  said.  A 
considerable  part  (Nos.  90-109)  are  from  the  talus  withiD 
the  southern  crater  of  Mokuaweoweo  against  the  neck  between 
it  and  the  central  pit.  (See  the  map  m  vol.  xxxvi,  plate  11). 
A  number  of  others  (78-89)  are  from  the  eastern  side  of  the 
central  pit ;  and  in  the  case  of  scattering  specimens,  the  spe- 
cial source  is  mentioned  more  minutely  beyond,  when  interest 
seems  to  attach  to  it. 

In  general  it  may  be  said  that  all  the  specimens  in  hand  from 
Mauna  Loa  belong  to  the  same  class  of  basaltic  lavas,  althongh 
they  vaiT  widely :  in  color  from  dark  gray  to  light  gray  or  dnll 
brick-red  ;  in  structure  from  compact  to  highly  cellular  or 
vesicular;  from  those  of  uniform  grain  to  those  which  are 
prominently  porphyritic  with  chrysolite  or  feldspar ;  and  in 
composition  irom  the  very  highly  chrysolitic  kinds  to  the 
f eldspathic  or  auffitic  forms  with  little  or  no  chrysolite.  Speci- 
mens of  pumice-Tike  scoria  are  largely  represented  in  the  col- 
lection. 

The  specimens  may  be  divided   pretty  sharply  into  two 

ffroups,  besides  which  there  are  several  other  types  more  or 
ess  distinct  from  these. 

Clinkstone-like  basalt — The  first  of  these  doubtless  includes 
the  rock  which  former  observers  have  spoken  of  as  resembling 
phonolite.  Maeroscopically  it  has  a  uniform  fine-grained 
texture,  for  the  most  part  free  from  vesicles  and  apparently 
compact,  though  often  found  on  closer  examination  to  be 
minutely  porous.  The  color  varies  from  a  dark  bluish  gray  to 
light  gray,  and  to  dull  brick-red  or  brown,  the  grayish  kinds 
being  the  most  common.  The  specific  gravity  varies  from 
2*82  to  3  00.*  Many  of  these  specimens,  as  taken  from  the 
talus  between  the  central  and  southern  craters,  are  in  the  form 
of  thin  slabs  and  their  resemblance  to  clinkstone  in  the  hand 
specimen,  though  not  goin^  beyond  external  aspect,  is  suffi- 
ciently close  to  explain  tlieir  having  been  so  named.  As  r^ards 
composition  the  rocks  of  this  type  are  most  strongly  marked 
by  the  fact  that  the  chrysolite,  which  is  so  common  in  large 
grains  in  the  other  specimens  to  be  described,  is  absent  or  only 
sparingly  present. 

The  microscopic  characters  of  this  group  of  fine  grained 
compact  rocks  are  also  such  as  readily  to  distinguish  them  from 
the  other  forms.     In  general  they  consist  of  augite  and  plagio- 

*  Some  of  the  separate  determinations  on  fragments  freed  from  air  by  batliaf 
are:3-00,  2-94,  3-00,  2-87,  2*82,  B'OO,  2*82. 
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clase,  and  titanic,  or  magnetic  iron  or  both,  prominent,  but  with 
little  or  no  chrysolite.  Their  most  interesting  feature  is  the 
form  taken  by  the  augite,  which  is  only  exceptionally  devel- 
oped as  an  idiomorphic  constituent,  but  on  the  other  hand  is 
not  simply  a  formless  substance  tilling  the  spaces  between  the 
feldspar.  It  is  uniformly,  though  with  varying  degrees  of 
distinctness,  grouped  in  radiating  lorms,  fan-shaped  or  feather- 
like, of  great  variety  and  beauty. 

This  strocture  is  eminently  characteristic  of  this  group  of 
rocks.  It  is  shown  best  in  a  finegrained  purplish  colored  speci- 
men (No.  97,  G.=2-82).  This  is  seen  under  the  hand  glass  to  be 
minutely  porous  though  not  properly  vesicular,  with  minute 
slender  red  crystals  (augite)  projecting  into  the  cavities.  An 
occasional  grain  of  ciiryaolit«  can  be  detected  in  the  mass  and 
cleavage  sections  of  feldspar  are  also  seen.  Under  the  microscope 
it  is  m^e  up  of  lath-shaped  feldspar  individuals  and  the  beautiful 
groupings  of  augites,  tnese  set  out  in  relief  by  the  fine  grains 


of  iron  ore  surrounding  them.  In  the  simplest  cases  the  augite 
ia  bunched  together  in  long  parallel  groups  sliglitly  diverging 
at  the  extremities ;  generally  these  branch  off  at  various  points 
into  feather-like  or  dendritic  forms,  of  such  variety  as  to  be 
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beyond  description.  Groups  of  these  forme  radiating  from  i 
center  are  common.* 

The  accompanying  figure,  1,  shows  several  of  the  moie 
complex  of  these  forms  (a,  h  from  thk  specimen)  and  gira 
a  fair  representation  of  this  remarkable  strnctare.  Figure  l 
gives  the  appearance  of  the  entire  field  of  the  microscope^ 
snowing  forms  like  the  frost  crystals  occasionally  seen  <a 
a  Btone  pavement ;  this  figure  is  simplified  by  the  omission  of 
some  of  the  less  defined  parts. 

Some  of  the  simpler  rosettes  are  made  up  of  l)oth  feldspv 
and  augite  alike  radiating  from  a  common  center ;  and  fre- 
quently the  extremities  of  the  feather  ends  are  feldspar  indi- 
viduals.    Figure  3  gives  a  detailed  drawing  of  part  of  one  of 


Detailed  drawiag  shawng  lit 
feather-like  grouping  of  ■ugiuu' 
reldBpsr.     Uagnifled  100  tims. 


the  groups  It  would  seem  that  the  feldspar  was  as  usual  first 
separated,  and  the  augite  as  it  crystallized  out  into  these  den- 
dntie  forms  drew  the  feldspar  needles  into  position  with  it. 
The  two  minerals  are  sometimes  so  intricately  involved  with 
each  other  that  it  requires  close  examination  to  separate  them. 
In  polarized  light  the  distinction  comes  out  more  snarply. 

•  Mr.  H.  HenBoldt  of  New  York  b«s  called  the  writer's  atteDtion  to  an  »ii|ilic 
lava  from  Tahiti  ill  whicli  the  pinkish,  pleochroic  augite  is  present  in  radiating 
groups  of  aciculnr  crystals,  often  haviqg  a  nucleus  of  ohryeolile.  The  aaebaa  't 
one  of  very  exceptional  beau^  aod  interest,  although  the  an-aDgement  of  tbr 
augite  IS  hardly  (o  be  compared  with  that  here  described,  since  the  inditiiiDil 
crystals  are  sharp  and  geometrically  grouped — after  the  manner  of  the  touno»li» 
In  luiullianite — which  is  in  marked  contrast  to  the  feather  lorms  of  the  Ibm 
Loa  augite. 
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OccaBionally  the  feldspar  is  present  in  lar^r  forms;  and 
more  interesting  to  note  is  an  occasional  angite  crystal  (fig.  1,  h) 
that  evidently  belongs  to  an  earlier  generation,  and  shows  the 
distinct  cleavage,  ana  more  or  less  also  the  crystalline  outline  of 
the  species.  The  alteration  to  which  this  specimen,  with  others 
like  it,  has  been  subjected,  and  to  which  the  red  or  purple  color 
of  the  rock  in  the  mass  is  due,  has  stained  the  iron  red  and 
reddened  also  the  augite,  although  only  exceptionally  to  such 
an  extent  as  to  make  it  opaque.  The  alteration  spoken  of  may 
be  simple  weathering,  altnough  the  occasional  brick-red  color 
rather  suggests  the  action  of  hot  water  or  steam ;  the  feldspar 
remains  perfectly  clear  and  unchanged. 

From  the  specimen  described,  which  may  be  taken  as  the 
type,  we  pass  to  the  coarser  grained  kinds  on  the  one  hand  and 
to  the  very  fine-grained  on  the  other ;  both  of  these  still  retain- 
ing, however,  the  same  general  characters.  A  highly  cellular 
specimen  (74)  with  large  vesicles,  from  the  northwest  brink  of 
the  crater,  departs  in  general  aspect  most  widely  from  the  type ; 
but,  while  relatively  coarse-grained,  it  exhibits  the  same  group- 
ing though  somewhat  more  rigid  and  geometrical,  and  shows 
even  more  clearly  the  mutual  "relations  of  the  feldspar  and  augite. 
In  the  finer  grained  varieties  (as  78)  the  augite  sometimes  pre- 
dominates so  largely  that  the  whole  becomes  like  a  confused 
carpet  pattern  of  interlacing  arabesque  forms,  though  here, 
when  an  individual  form  can  be  traced  out,  it  has  great  beauty 
and  perfection,  branching  and  re-branching  like  some  delicate 
forms  of  vegetation.  Figure  1,  c  is  an  attempt  to  illustrate  one 
of  these  forms,  but  it  lacks  the  delicacy  of  the  original.  These 
forms  consist  almost,  exclusively  of  augite  with  very  little  feld- 
jspar.  In  another  specimen  of  similar  character  a  partial  fluidal 
^ructure  was  noticed  in  the  arrangement  of  the  feldspar. 

When  the  iron  grains  are  only  sparingly  present  and  there 
has  been  no  conspicuous  alteration,  the  rock  is  of  a  light  uniform 

fray,  but  the  presence  of  iron  in  large  amount  makes  it  nearly 
lack  and  obscures  this  structure ;  and  when  it  and  the  augite 
are  highly  altered,  the  rock  is  a  bright  brick-red  and  in  a 
section  appears  as  a  collection  of  nearly  opaque  red  rosettes, 
the  feldspar,  however,  still  remaining  clear.  Glass  is  present 
occasionally,  but  usually  in  insignificant  amounts,  and  lor  the 
most  part  it  is  nearly  or  quite  absent.  This  feather-form  of 
augite,  which  has  been  described,  is  not  entirely  confined  to  the 
clinkstone-like  varieties  of  lava  although  eminently  character- 
istic of  them.  It  was  occasionally  noted  more  or  less  distinctly, 
in  some  other  forms,  especially  the  vesicular  kinds  to  be  men- 
tioned later  (p.  450)  where  it  is  seen  in  the  minute  second- 
feneration  augite  which  formed  in  the  last  process  of  consoli- 
ation.  All  the  facts  observed  serve  to  connect  its  formation 
with  rapid  cooling. 
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ChryaoUtio  basalt. — The  second  group  of  rocks  makes 
very  marked  cootrast  with  those  just  described.  Theee  u 
of  coarse  grain,  often  open-cellnlar,  and  very  highly  chrya 


ChrysoUte  iu  part  with  orientate<i  titanic  iron;  o-/(x  55-60).  from  ctyetdQi 
baealts  of  Mokiianeon'eo.  i;  (  x  15)  from  bBi>allio  glsBS,  Uokuan-eoweo ;  h{x' 
Irom  Nanawale;  4(x60)  Kilauea ;  ((xlOO)  erysial  endoBiug  glass.  0«ili 
m  (n60),  forked  form.  Maui;  n  (k60)  porliooB  of  cryBtal  enveloped  bj  mg 
and  dust«i^  of  m^rnetite  grainB,  Maui, 
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ic;  on  this  account  the  specific  gravity  is  much  higher,  it 
trying  from  3*00  to  3*20.*  In  many  cases  they  have  suf- 
red  some  alteration  which  has  given  them  a  dull  waxy  sur- 
ce,  while  the  large  grains  of  chrysolite  are  frequently  iridescent 
id  sometimes  have  an  almost  metallic  luster.  The  color  varies 
ith  the  amount  of  iron  oxidation  from  light  gray  to  dull  red- 
sh  gray  or  brown.     The  mineral  constituents  present  are  those 

normal  basalt ;  and  most  prominent  among  these  is  the  chryso- 
e ;  in  some  specimens  it  must  make  up  nearly  half  the  mass  of 
e  rock ;  and  m  one  case  (102)  probably  more,  this  particular 
ecimen  having  the  unusual  specific  gravity  of  3'20.  The  chry- 
lite  was  evidently  early  separated  from  the  magma,  and  the 
anges  of  condition  through  which  the  lavas  have  passed  is  well 
own  in  the  irregularly  corroded  or  occasional  broken  form  of 
any  of  the  crystals  and  grains.  Even  when  there  is  a  distinct 
ystalline  outline,  it  is  not  a  rare  thing  to  find  the  crystal  broken 
id  the  parts  slightly  separated.  This  is  shown  in  the  accom- 
nying  figures  4,  a  tof.  Some  of  the  corroded  forms  take  very 
ntastic  shapes.  A  novel  and  common  feature  of  this  chryso- 
e  is  the  occurrence  of  very  slender  acicular  forms.  The 
agth  is  often  considerable,  even  when  viewed  macroscopically^ 

one  case  2  to  3"",  but  in  breadth  they  are  often  hardly 
are  than  a  line,  (note  fig.  4,  a.)  This  chrysolite  shows  the 
rtial  alteration  alluded  to  in  a  broad  rim  of  brown  iron  oxide ; 
3  can  pass  in  the  same  slide  from  a  crystal  still  preserving  its 
msparency  throughout,  to  those  where  only  a  string  of  chryso- 
e  grains  mark  the  position  of  the  original  individual,  and 
>m  these  to  the  cases  where  a  narrow  brown  line  of  iron 
ide  alone  is  left;  in  a  few  cases  (as  94)  the  chrysolite  is 
dned  bright  red,  showing  that  there  has  been  oxidation  of  the 
m  without  hydration. 

The  orientation  of  these  peculiar  rod-like  forms,  which  are 
stinctly  visible  on  a  polished  surface  of  the  rock,  is  a  matter 
some  interest.  The  fact  that,  in  such  a  form  as  that  of  fig. 
J,  and  others  like  it,  the  plane  of  the  optic  axes  is  transverse 
the  longitudinal  direction  and  the  bisectrix  normal  to  the 
rface  presented,  shows  that  they  are  elongated  in  the  direction 
the  vertical  axis,  the  narrow  dimension  being  that  of  the 
icrodiagonal.  This  chrysolite  has  often  an  unusually  deep 
een  color  possibly  connected  with  the  partial  alteration,  and 
en  shows  distinct  pleochroism  with  the  absorption  least  in 
9  direction  of  the  vertical  axis.  It  often  shows  spherical 
dusions  of  a  pale  brown  glass,  sometimes  arranged  in  parallel 
ie& 

'  Some  of  the  separate  determinatiODS  gave :  309,  3*18,  3*09,  3*04,  300,  3*20, 
0. 
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The  plagioclase  feldspar  is  present  in  the  ordinary  forms,  and 
shows  no  unusual  features.  The  augite  forms  irregular  mm 
crowded  among  the  feldspars.  Occasionally  angite  in  uii^r 
more  distinctly  crystallizea  forms  appears,  evidently  belonging 
to  an  earlier  generation.  This  earlier  augite  shows  the  tendeney, 
often  observed,  to  cluster  about  the  chrysolite  grains.  Tfie 
titanic  iron  is  not  as  a  rule  abundant,  and  for  the  most  part 
appears  in  long  slender  rods  often  parallel  among  themselves 
over  a  limited  area,  and  sometimes  orientated  by  the  chrysolite. 
In  two  or  three  of  the  specimens  of  this  class  the  augite  shows 
a  tendency  to  assume  the  radiating  form  but  this  is  the  excep- 
tion. Apatite  is  probably  present  in  some  sections,  but  only 
in  small  amount,  and  in  most  cases  it  was  not  detected.  61a£& 
is  almost  entirely  absent  from  these  rocks. 

The  occasional  fractured  character  of  the  chrysolite  has  been 
spoken  of;  one  specimen  (90)  shows  this  in  an  extreme  degree, 
tne  chrysolite  being  separated  here  into  many  angular  frag- 
ments for  the  most  part  showing  no  crystalline  outline.  The 
feldspar  and  augite  individuals  have  also  suffered  in  the  same 
way  and  the  ground  mass  has  a  curiously  mottled  microcrys- 
talline  structure  suggestive  of  some  porphyry.  This  specimen 
stands  comparatively  alone,  although  two  or  three  others  are 
of  somewhat  similar  character. . 

Lavas  vnth  taiiiute  crystals  of  feldspar  and  augite  in  their 
cavities. — Allied  to  this  second  class  of  rocks  just  described,  are  a 
number  of  specimens  which  are  interesting  because  of  their  re- 
markable crystalline  structure.  One  of  these  (82)  is  a  light  gray 
rock  with  only  occasional  vesicles.  It  is,  however,  throughout 
open  and  porous  with  minute  cavities  into  w'hich  project  thin 
tabular  crystals  of  feldspar  seen  distinctly  with  a  strong  hand- 
glass. A  light  yellowish  augite  is  also  observed,  but  the  crystals 
are  less  distinct.  Iridescent  gi^ains  of  chrysolite  are  scattered 
through  the  mass,  and  the  fractured  surface  shows  the  same 
long  lines  of  this  mineral  that  are  seen  in  the  sections. 

An  interesting  feature  of  this  specimen  and  of  others  like  it 
(including  one  very  similar  collected  two  or  three  hundred  feet 
below  the  summit  of  the  wall  making  the  E.N.E.  side  of  Ki- 
lauca,  called  Waldroii's  Ledge,  also  othei^s  from  Makaopuhi)  is 
the  presence  in  cavities,  of  a  mineral  in  very  minute  nearly 
spherical  forms  of  a  milk-white  color.  These  are  rather  abun- 
dant through  the  mass  of  the  rock,  each  little  cavity  containuig 
one  or  two  of  them.  They  are  so  small  (rarely  more  than  '2  or 
.3mm  jjj  diameter)  that  it  is  very  difficult  to  determine  their 
form,  especially  as  the  crystalline  faces  are  dull  and  give  almost 
no  reflections.  A  hexagonal  outline  can  usually  be  made  dot, 
and  occasionally  a  triangular  face  through  which  the  angle  of 
another  crystal  sometimes  projects,  as  if  they  were  complex 
penetration  twins,  which  the  nearly  spherical  form  also  sug- 
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gests.  Only  one  of  these  forms  was  detected  in  the  thin  sections, 
and  the  free  side  of  this  had  a  hexagonal  outline,  the  whole 
being  divided  into  sectors  which  alternately  had  like  extinc- 
tion, the  surface  of  the  sector  being  mottled  in  polarized  light 
after  the  manner  of  some  crystals  showing  anomalous  optical 
donble  refraction.  The  fact  that  these  little  white  spneres 
occur  also  on  the  inner  glazed  surface  of  the  vesicles  would 
seem  to  mark  them  of  subsequent  origin  and  hence  probably 
zeolitic.  Their  form  suggests  a  rhombohedral  zeolite  grouped 
like  phacolite  or  the  Australian  herschelite.  Two  or  three 
other  zeolitic  minerals  were  observed  in  isolated  cases,  but  too 
fiparinglv  and  in  too  minute  form  to  be  satisfactorily  identified 

In  otner  specimens  of  this  class  (as  105,  107 1  the  color  is 
darkened  because  of  slight  alteration,  the  texture  is  coarser  and 
the  cavities  larger.  Here  the  clear  glassy  feldspar  tablets  are 
very  distinct,  and  augite  crystals,  red  or  brown  on  the  surface 
and  opaque,  also  project  into  the  cavities.  Octahedrons  of 
magnetite  are  often  seen  implanted  upon  the  augite  needles, 
and  broad  plates  of  titanic  iron,  with  rhombohedral  planes  on 
the  edges,  sometimes  attain  a  relatively  large  size.  The  feld- 
spar tablets  were  here  large  enough  to  allow  of  their  being 
separated  and  examined  optically.  In  form  they  are  either 
rhombic  or  acute  triangular  in  outline,  being  bounded  by  the 
planes  c  (001)  and  y  (2OI)  or  c  and  x  (lOl),  with  the  prisms  very 
small  when  present  at  all.  They  can  often  be  seen  to  be  twins 
in  accordance  with  the  usual  albitejaw.  The  extinction  on  the 
clinopinacoid  made  an  angle  of  — 14  to  — 15°  with  the  basal  edge, 
whicn  conforms  to  typical  labradorite,  as  might  have  been  antici- 
pated. These  highly  crystalline  specimens  are  also  much  like 
«ome  of  those  collected  from  ejected  masses  about  Kilauea,  and 
they  may  here  have  had  a  similar  origin. 

All  the  specimens  that  have  been  thus  far  described  were 
obtained  with  a  single  exception  (No.  74  already  located)  either 
from  the  talus  in  the  southern  crater  against  the  wall  of  the 
neck  that  joins  it  with  the  central  pit,  or  else  from  the  east 
side  of  the  interior  of  central  Mokuaweoweo.  Nothing  can  be 
said  in  regard  to  the  relations  in  place  of  the  two  types  of 
basalt  which  have  been  described  and  which  occur  together  at 
the  points  mentioned. 

Other  varieties  of  the  lavas. — A  number  of  the  specimens 
cannot  be  classed  in  either  of  these  two  groups.     They  are  light 

fray  in  color,  not  vesicular,  and  sparingly  provided  with  chryso- 
te,  if  it  is  present  at  all,  and  characterized  by  a  very  uni- 
form granular  mixture  of  augite  and  plagioclase.  A  specimen 
taken  from  a  vein  in  the  western  wall  oelongs  here,  also  another 
stated  to  have  come  from  the  highest  point  on  the  edge  of  the 
crater.  Still  another  specimen  &om  the  north  brink  is  similar, 
but  is  porphyritic  with  patches  of  a  glassy  plagioclase. 
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Another  group  of  specimens,  differing  in  aspect  widely  from 
those  described,  although  not  essentially  so  in  composition,  are 
the  highly  vesicular  kinds,  sometimes  coarsely  vesicular  and 
again  with  very  minute  cavities.  They  have  for  the  most  part 
a  common  character.  Large  grains  of  chrysolite  are  usually 
present,  often  very  large  in  comparison  with  the  size  of  the 
vesicles  themselves,  and  with  these  also  are  sometimes  large 
crystals  of  augite  and  feldspar,  often  grouped  together.  Tne 
ground-mass  filling  up  the  space  between  these  first  separated 
constituents  is  a  dark  fine-grained  mass  of  plagioclase  and  augite 
with  minute  grains  of  iron  sometimes  so  abundant  as  to  render 
the  whole  nearly  black  and  opaque.  The  augite  sometimes 
shows  a  tendency  to  group  itself  in  the  radiating  forms  already 
described.  A  fluidal  arrangement  of  the  feldspar  is  the  excep- 
tion though  occasionally  observed  in  indistinct  form.  Only 
in  rai'e  cases  is  the  whole  mass  of  the  rock  made  up  of  this  fine- 
grained mass  without  the  large  crystals.  A  specimen  from  the 
source  of  the  1843  flow  belongs  here. 

A  specimen  (76)  which  is  described  as  the  "  ordinary  ancient 
lava  of  the  eastern  brink  of  the  crater"  is  a  dark  colored, 
coarsely  vesicular  rock  (G.=300),  with  chrysolite  abundant  in 
large  grains,  and  augite  and  feldspar  also  in  large  individuals, 
the  amount  of  the  fine-grained  dark  base  of  later  formation 
is  relatively  small  and  the  augite  is  somewhat  radiated.  A  pecu- 
liar feature  of  the  section  is  the  inclusion  by  the  augite  of  larce 
plagioclase  individuals  not  regularly  orientated  and  giving  the 
whole  augite  a  peculiar  mottled  appearance. 

Specimens  of  (/lass.^—The  Mauna  Loa  collection  includes  a 
large  number  of  specimens  of  the  scoria,  many  pumice  like 
specimens,  some  of  them  of  extreme  lightness  and  also  speci- 
mens of  glass.  Several  of  the  glassy  kinds  were  examined 
microscopically.  One  of  them  (103)  was  a  dense  black  com- 
pact mass  uniformly  glassy  on  one  side,  but  on  the  other  largely 
devitrified  ;  the  smooth  surface  of  the  glass  was  roughened  by 
minute  projections  due  to  the  chrysolite  crystals.  Its  specific 
gravity  is  2*91.  Under  the  microscope  the  glass  had  a  uniform 
brown  color,  and  amorphous  character,  except  for  numerous 
minute  doubly  refracting  points  scattered  through  it  Here 
and  there  were  clusters  oi  small  chrysolite  crystals,  having 
sharp  outlines  and  perfectly  clear  except  for  occasional  inclu- 
sions of  the  glass  and  minute  black  iron  crystals. 

A  section  cut  transversely  showed  with  great  beauty  the 
gradual  transition  from  the  amorphous  glass  to  the  largely  de- 
vitrified lava.  The  pale  yellow-brown  glass  of  the  border 
contained  here  and  there  elongated  microlites,  of  dark  brown 
color  due  to  the  glass  immediately  surrounding  them,  and  also 
minute  crystallites  like  those  described  below.     In  the  inter- 
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mediate  zone  the  microlites  were  more  numerous  and  were 
sorrounded  by  a  brown  oval  aureole  of  somewhat  deeper  color 
than  the  rest  of  the  glass,  this  having  a  beautiful  spnerulitic 
.fitmcture  in   polarized  light.      The  nucleus  was    sometimes 


5. 


5.  Feldspar  microlile  surrounded  by  dark  filaments  within  an  oval  of  brown  glass 
•(  X  90). 

6.  Crystallites  of  various  forms  (  x  160).     All  from  baialtic  glass,  Mokuaweoweo. 

transparent  (feldspar)  and  about  this  were  curious  dark  brown 

Jrocesses  thrown  off  in  curved  lines  (see  fig.  5).  The  highly 
evitrified  portion  consisted  of  a  nearly  continuous  mass  of 
dark  brown  spherulites  and  crowded  among  them  numbers  of 
whitish  nearly  opaque  crystallites.  Many  of  the  spherulites 
have  a  distinct  nucleus  of  chrysolite  or  feldspar,  and  sometimes 
there  is  a  medusa-like  mass  of  dark  brown  bands  radiating  out 
from  the  nucleus. 

The  crystallites  (see  fig.  6)  have  sometimes  a  simple  oval 
form  with  a  faintly  indicated  structure  transverse  to  tne  longi- 
tudinal axis ;  there  are  also  compound  forms  with  axes  crossing 
at  90°,  making  a  four-rayed  star  (6),  or  at  60°  and  these  last 
when  repeated  making  a  regular  six-rayed  star  (c).  Rarely 
these  forms  are  resolved  into  a  delicate  skeleton  form  of  the 
types  indicated  (^,  e^f)  and  of  many  other  less  regular  shapes. 
Similar  forms  of  "  crystalloids "  are  figured  by  Vogelsang  in 
plate  VII  of  his  work,  "  Die  Krystalliten." 

Chrysolite  is  distributed  through  the  section  in  isolated  crys- 
tals or  in  clusters.  These  crystals  often  enclose  a  considerable 
amount  of  the  brown  glass,  and  while  sharp  in  outline  have 
sometimes  peculiar  forms  (fig.  4,  g)  which  are  interesting  in  con- 
nection witn  the  corroded  lorms  met  with  in  the  highly  crys- 
talline basalts  which  have  already  been  described.  Feldspar  is 
present  in  the   more  highly  devitrified  portion ;  augite  not 
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distinctly  except  as  some  of  the  microlites  are  to  be  referred 
to  it. 

Another  specimen  was  lithoidal  in  character  and  showed 
throughout  a  distinct  spherulitic  structure.  The  nearly  optque 
spherulitic  ground-mass  contained  many  light  brown  transparent 
spherulites,  and  grains  of  chrysolite  were  scattered  througnasin 
the  other, 

lAiva  streams  from  Mauna  Loa. — A  considerable  number 
of  specimens  are  at  hand  from  the '  streams  of  Mauna  Loa  of 
different  dates,  and  taken  from  points  at  various  altitudes. 
For  the  most  part  they  are  simply  the  surface  scoriaceous  por- 
tions and  consequently  without  distinctive  features.  The  flows 
of  1852,  1855-56,  1859  are  thus  represented.  There  are  also 
specimens  of  the  normal  crystallized  lavas  of  the  stream,  1881, 
at  Hilo ;  of  that  of  1843  taken  from  near  its  source  which  hag 
been  already  alluded  to,  and  of  1868,  1880-81,  1882  and  1887. 
These  are  all  dark  colored  chrysolitic  lavas,  vesicular  in  a  high 
degree,  especially  that  from  near  Hilo  (1881)  and  their  charac- 
ters are  those  of  the  vesicular  forms  spoken  of  on  page  450. 
The  specimens  of  the  flows  of  1868  are  to  be  mentioned  as 
particularly  rich  in  chrysolite. 

2.  Lava  Stalactites  from  caves  in  the  ML  Loa  lava  streams. 

Perhaps  the  most  interesting  and  remarkable  formations  cod- 
nected  with  the  lava  flows  from  Mauna  Loa  are  the  delicate 
stalactites  and  stalagmites  of  lava  which  ornament  the  caverns. 
The  specimens  in  the  collection  are  mostly  from  a  cavern  in 
the  lava  stream  of  18S1,  near  Hilo,  as  described  on  page  109  of 
the  last  volume  of  this  Journal.  Figures  of  some  of  the  forms 
of  sunilar  stalactites  from  the  caverns  of  Kilauea  are  given  by 
Brigham  as  more  particularly  mentioned  later.  They  are  of  so 
great  interest  as  to  demand  a  minute  description. 

According  to  the  accounts  given,  the  flowing  lava  stream, 
crusted  over  at  the  surface,  leaves  behind  it,  when  the  molten 
material  has  flowed  by,  long  caverns  usually  eight  or  ten 
feet  in  height,  having  a  roof  of  one  to  three  or  more  feet  in 
thickness  and  a  floor  of  the  solidifled  lava.  In  the  caverns  are 
found  hanging  from  the  roof  the  slender  lava  stalactites.  In 
the  Hilo  cavern  they  were  from  a  few  inches  to  twenty  or 
thirty  in  length,  and  in  some  places  only  six  to  eight  inches 
apart.  The  diameter,  which  seems  to  have  been  aetermined 
by  the  size  of  the  drop  of  the  liquid  material,  does  not  vary 
much,  being  usually  about  a  quarter  of  an  inch.  Beneath 
the  stalactites,  from  the  floor  below,  rise  the  clustered  groups 
of  the  stalagmites.  These  delicate  forms  are  so  fragile  that 
they  hardly  bear  transportation,  and  it  is  consequently  diflB- 
**"*'  to  preserve  the  longer  specimens  in  their  original  form. 


E.  S.  Dana — jPetroffraphy  of  the  Sandwich  Inlands.     453 

Throngh  the  kindneBS  of  Mr.  Baker,  the  writer  has  received 
an  admirable  series  of  them,  part  of  which  are  shown,  one- 
third  of  the  natural  size,  in  the  accompanying  plate.  These 
specimens  were  collected  with  great  care  and  skilfully  packed 
in  moss  and  although  fractured  at  many  points  when  tney  ar- 
rived in  New  Haven,  and  thus  divided  into  sections  an  inch 
or  two  in  length,  it  was  found  possible  to  cement  them  to- 
gether in  their  original  positions.* 

The  general  aspect  of  the  stalactites  and  stalagmites  is  so 
well  shown  in  tne  series  of  figures  on  plate  XIV  that 
but  little  description  is  needed.  It  will  be  noticed  that  while 
some  are  straight  and  nearly  uniform,  others  are  curiously 
gnarled  and  knotted,  especially  near  their  lower  extremities. 
The  end  has  often  a  little  process  thrown  off  at  right  angles, 
a  little  hook,  or  a  close  spiral  of  two  or  three  turns  often  tan- 
gled or  knotted  together.  The  simple  rods  are  usuallv  round, 
not  often  flattened  except  when  there  is  a  sudden  change  in 
direction,  when  they  may  be  pinched  together  like  a  glass 
tube  bent  when  hot.  The  surface  is  exquisitelv  ornamented 
with  most  delicate  markings.  The  stalagmites,  formed  by  the 
droppings  from  above^  are  intricate  clusters  or  piles  of  simple 
drops  several  inches  in  height  as  well  represented  in  figures 
a  and  h  on  the  plate. 

The  exterior  of  the  stalactites  has  usually  a  more  or  less  bright 
metallic  luster,  and,  though  sometimes  dull  and  fine  granular, 
the  surface  often  reflects  the  light  brilliantly  from  a  multitude 
of  crystalline  facets ;  these  sometimes  separate  into  distinct 
scales,  shown  to  be  largely  hematite  by  their  reddish  streak, 
though  magnetite  is  also  present.  Minute  rounded  crystals,  ap- 
parently also  of  hematite,  are  sprinkled  often  thickly  over  the 
surface.  Sometimes  the  metallic  covering  is  very  thin,  or  is 
not  continuous,  forming  patches  on  a  brown  surface.  Oc- 
casionally at  the  ends  it  is  altogether  absent,  and  the  exterior 
is  thus  brown  and  glassy  in  aspect,  but  still  retains  the  Poly- 
hedral crystalline  aspect;  this  glass-like  crust  polarizes  light 
and  is  probably  augite.  Over  portions  of  the  rods — and  in 
the  case  of  the  straight  uniform  ones  (see  the  plate)  over  the 
whole  length — the  surface  is  transversely  ribbed  or  corded  in 
the  most  delicate  manner.  The  beauty  and  perfection  of  these 
little  ripplemarks,  as  seen  under  a  hand-glass,  are  beyond  de- 
scription or  adequate  representation.  They  are  parallel  and 
gjrmmetrical  for  a  limited  distance,  but  vary  in  fineness  and  form 
with  every  change  in  direction  of  the  stalactite  itself.  Their 
flow  is  especially  varied   about  each   little   projecting  knob. 

•  For  thifl  Bkillftil  work  as  well  as  for  the  drawing  of  the  pla^,  and  of  figs.  1-4 
nd  7,  the  writer  is  indebted  to  Dr.  E.  H.  Barbour,  recently  of  Yale  University. 
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Figure   7   will   ^ve  'some  idea  of   the  transverae  martiiigi, 
.  bnt  details  of  the  Btructure  can  hardly  be  reproduced. 

7.  The    Btraighter   por 

tioDB  of  the  Btalactita 
are  often  solid  throof^- 
oat,  though  here  ud 
there  they  are  hollow 
and  consist  of  a  mere 
sliell ;  often  portions 
that  are  perfectly  solid 
alternate  with  the  cel- 
Inlar  parts,  or  the  Bolid 

f)arte  contain  a  series  of 
arge  vesicles.  Figure 
8  gives  longitnainil 
cross  sections  throogti  a 
number  of  typical 
forms.  In  f,  the  lower 
cavity  was  tnicklv  lined 
with  crystals  chiefly  of 
feldspar.  The  exterior 
crnet  is  seen  in  the  cnw 
section  under  the  micro- 
scope to  be  very  thin, 
and  next  to  it  comee 
usually  a  narrow,  hot 
not  always  continuous,  band  of  augitewith  occasional  iron  crys- 
tals.    The  solid  parts  contain  within  very  slender  lath-shaped 


Lava  Stalactites,  > 


LoQglCud  nal  sect  on  of  ava  9ta  ac  tea  no  tl  ne  (  x  f  si  owiDg  open  mnd  tuM 
portioDB,  a  solid  anti  d  open  throufiboui,  d  with crjsta lime  Iuudk;  the  tower  jan 
ot/it  thick Ij  lined  n'ith  crjatala,  chiefly  feldspar. 
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feldspars  of  a  considerable  relative  length,  often  from  ^  to  ^  of 
the  diameter  of  the  stalactite,  as  seen  in  a  longitudinal  section. 
In  one  case  thej  showed  a  marked  tendency  to  paraUelism 
with  the  axie  of  the  stalactite,  but  in  other  cases  this  was  less 
distinct.  A  partial  concentric  arrangement  as  seen  in  a  trans- 
verse section  was  also  noted.  The  feldspars  often  have  black 
longitudinal  inclusions  probably  of  magnetite,  and  their  cross 
eections,  square  or  rectangular  in  ontline,  then  have  a  large 
black  center  of  the  same  form.  A  rather  deeply  colored 
greenish  yellow  augite,  somewhat  pleochroic,  is  packed  in 
among  the  feldspars,  and  occasionall}'  shows  sharp  crystalline 
ontlines.  There  are  also  numerous  grains  and  octahedrons  of 
magnetite,  and  throughout  a  multitude  of  beautiful  dendritic 
forms  branching  at  angles  of  90°  or 
of    60°.     This   is   one   of  the   most  a.  '  b. 

marked    characters   of   the   sections. 
The  areas,  where  these  iron  dendrites   ' 
are  crowded  together,   are   less   dis- 
tinctly individualized,  but  no  glass 
was  noted.     Chrysolite  is  also  absent. 
Figures  W,  a  and  b  will  convey  some 
idea  of   the  appearance  of  the  longi- 
tudinal   and    transverse   sections,       Seetiona    or    lava- Bialacti tea 
though  the  relative  amount  of  f eld-  (  "  3),  a  longitudinal ;    6  traiiB- 
spar  and  augite  is  rather  too  small. 

The  fact  that  the  structure  is  throughout  coarsely  crystalline 
with  the  normal  constituents  of  the  basalt — except  the  chryso- 
lite— is  an  important  point. 

The  occasional  cavities  or  open  spaces  in  the  solid  parts  of 
the  stalactite  are  often  beautifully  lined  with  large  rhombic 
tables  of  feldspar,  perfectly  clear,  and  so  excessively  thin  as  to 
suggest  scales  of  mica ;  also  dark  needles  of  augite,  often  curved 
and  wire-like,  and  octahedrons  of  magnetite.  (See  ^,^)  The 
feldspar  plates  have  mostly  the  form  of  a  symmetrical  lozenge 
{fig.  10),  with  angles  of  128°  and  52°;  one  side  is  shown  by 
the  cleavage  to  be  bounded  by  the 
basal  plane,  the  other  by  the  dome 
X  (iOl).  The  extinction  makes  an 
angle  of  —7°  to  —9°  with  the  basal 
edge  which  conforms  to  that  of 
andesine,  that  is  a  plagioclase  some- 
what more  acidic  than  that  deter- 
mined in  the  rock  mass.  These 
feldspar  plates  are  often  marked  on  the  edges  with  a  thin  black 
scale,  presumably  magnetite,  with  numerous  minute  circular 
open  spaces  containing  many  black  points  as  if  the  whole 
Am.  Jodb.  Scl— Third  Sebibs,  Vol.  XXSTII,  No.  2SI.— Jdnb,  1S8S. 
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were  formed  by  the  drying  of  little  bubbles.     The  aogite  crp- 
tals  are  often  rough  and  black  with  magnetite. 

Where  there  are  vesicular  cavities,  often  filling  the  whok 
interior  of  the  tube,  these  are  lined  with  a  comparativelj 
smooth,  shining  web  of  feldspar  plates  and  clusters  of  brown 
augite  crystals,  or  of  augite  needles  alone,  woven  together  Uke 
basket  work.  The  dull  surfaces  of  magnetite  octahedrons  ire 
scattered  abundantly  among  the  augite  and  feldspar.  The 
large  quantity  of  magnetite  is  shown  by  the  fact  that  the  mag- 
net picks  up  many  of  the  fragments  of  the  stalactites,  even 
when  quite  large.  The  specific  gravity  of  fragments  of  the 
solid  portion  of  a  stalactite  was  found  to  be  2 '98. 

The  explanation  of  the  process  by  which  these  unique  vol- 
canic icicles  have  been  formed  is  not  easy  to  give.  It  is  clear 
that  further  study,  on  the  spot,  of  their  occurrence  and  the  cir- 
cumstances  of  their  growtn  is  called  for.  It  seems  at  fiist 
most  easy  to  think  of  them  as  made  by  the  rather  rapid  drip- 
ping of  the  semi-viscid  lava  from  the  roof.  The  evidence  at 
nand,  however,  shows  pretty  conclusively  that  they  could  not 
have  been  the  result  oi  simple  direct  fusion.  The  fact  that 
they  hang  down,  from  the  solid  crust,  while  the  stalagmites 
formed  by  the  dripping  from  above  rise  from  the  solia  floor 
beneath,  seems  to  prove  that  they  were  formed  after  the 
molten  lava  had  passed  by  and  the  temperature  had  fallen  be- 
low the  point  of  fusion.  If  made  directly  from  molten  mate- 
rial, they  could  hardly  be  so  perfectly  crystalline  throughout 
as  they  have  been  shown  to  be ;  we  should  expect  to  find  them 
more  like  the  glassy  spatterings  from  the  blow-holes  of  Kilauea 
mentioned  on  a  later  page.  Moreover,  the  sorting  out  of  the 
material  is  further  evidence  on  the  same  side :  the  crystalline 
shell  of  hematite  and  magnetite,  with  its  lining  of  augite,  and 
within  the  solid  crystalline  mass,  or  the  clusters  of  beautiful 
crystals  chiefly  of  feldspar.  Still  again,  the  question  has  been 
raised  as  to  whether  the  flow  of  a  viscid  liquid  like  the  mol- 
ten lava  could  form  drops  so  small  as  the  size  of  the  stalactites 
show  must  have  been  present. 

The  fact  that  the  lava  rods  or  tubes  of  the  stalactites  are  of 
nearly  uniform  size  throughout  their  length,  although  bunched 
and  knotted  together  at  frequent  points  as  has  been  described, 
is  an  important  one.*  It  separates  them,  as  to  mode  of  origin, 
from  the  stalactites  of  a  limestone  cavern  which  form  in  a 
more  or  less  conical  shape  from  the  flow  down  over  the  exterior 
surface  of  the  lime-bearing  solution.     It  seems  to  require  that 

*  A  stalactite  from  a  Kilauea  cavern  collected  by  Prof.  J.  D.  Dana  is  of  inter- 
eat  here,  since  it  forms  an  exception  to  those  that  have  been  deseribecL  About 
the  first  formed  stalactite,  with  its  rather  thick  magnetite  shell  (fig.  11)  has  beeo 
formed  a  second,  somewhat  vesicular  and  nearly  concentric  with  it  This  staiao- 
has  the  exterior  coating  of  gypsum  crystals  spoken  of  by  Brigham. 
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tbe  ahell  ehoald  have  formed  first  and  that  these  tubea  ahonld 
have  lengthened  by  the  material  carried  down  within  them, 
finally  resnltiDg  in  their  becoming  solid  to  agreater  or  leae  extent 
This  is  confirmed  by  the  fact  that  the  parts  seemingly  mo6t 
solid    often    prove   to    have   at   the   center  ,, 

minnte  crystal-lined  cavities.     The  lengthen- 
ing  by  the  addition  of  material  at  the  point 
of  attachment  above,  the  only  other  method 
that  can  be  suggested,  is  difficult  to  c 
of. 

As  the  facts  at  hand  are  inconsistent  with 
the  theory  of  a  direct  formation  from  the 
melted  condition,  we  are  forced  to  speculate      _  __. 

^     .,  r  ii      !_■   ui     !_     1  J        J.  TransvetM  section 

as  to  the  power  of  the  nighly  heated  water  of  lava  staiacute  from 
vapor  known  to  be  present  in  large  quantities,  EUauea  (xs)  ahow- 
to  form  them  from  the  roof  by  a  sort  of  proc-  ^^^i?™*^  '"'"^ 
ese  of  aqueo-fusiou.     This  is  a  subject  about  '"' 

which  we  know  too  little  at  present  to  make  speculation  very 
profitable,  and  the  author  prefers  to  drop  the  discussion  here, 
in  the  hope  that  further  observations  may  throw  important 
light  upon  the  matter.  The  experiments  of  Fouqn^  and  L^vy 
in  regard  to  the  formation  of  basalt,  with  their  important  re- 
snitfl,  pursued  the  method  of  simple  igneous  fusion,  and  though 
Delesse  and  Daubr6e  have  discussed  tbe  rdle  of  water  in  vie 
formation  of  basalt  and  basaltic  minerals,  their  investigations 
hardly  seem  to  apply  very  closely  to  the  present  case.* 

The  fact  that  these  stalactites  occur  also  in  the  caverns  of 
Kilauea  has  already  been  mentioned.  Brigham  describes  them 
at  some  length,  and  although  it  is  hardly  possible  to  accept  all 
his  statements  literally,  especially  as  to  rate  and  conditions  of 
growth,  his  remarks  are  qnoted  here  at  length  (1.  c,  pp.  462, 
463): 

"A  formation  which  always  excites  the  curiosity  of  visitors  to 
Kilauea  is  found  in  many  of  the  caves  in  tbe  floor  of  the  crater 
which  have  been  undisturbed  for  several  years.  At  first  glance 
the  tubes  which  hang  from  the  roof  and  the  curiously  formed 
droppings  beneath  these,  aeem  to  be  of  igneous  origin.  An  ex- 
amination in  situ  shows  that  this  was  not  the  case.  The  roof  of 
these  caves  is  about  two  feet  thick  and  generally  unbroken ;  the 
stalactites  do  not  occur  under  cracks  and  indeed  there  is  often  no 
fresh  lava  over  the  surface.  The  formative  procesH  may  be 
clearly  seen  as  the  tubes  form  from  day  to  day;  and  I  have 
caught  the  steel-gray  deposit  in  the  drops  on  the  end  of  the  tubes 
upon  my  finger  and  watched  its  solidification.  Usually  the  tabes 
are  straight  cylinders  from  one  to  three-eighths  of  an  inch  in 

*  Ueunier  has  deecribed  the  (ormBt[an  of  chrjaolite  and  of  choadruleH  of  «n- 
statlte,  resembling  those  of  meteoriteB,  hj  the  ftction  of  ateam  ai  ordioary  pfM- 
auraa,  with  ailicon  chloride  upon  the  red  hot  metal,  C.  R.,  iciU,  737,  1881. 
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diameter  and  sometimes  more  than  two  feet  long.  The  bore  \% 
almost  never  continuous,  and  while  externally  they  are  smooth, 
within  a  mass  of  stony  cells  of  considerable  size  is  presented.  As 
long  as  these  tubes  grow  downward  in  the  quiet  upper  region  of 
the  cave  they  hang  perpendicularly,  but  when  they  reach  farther 
down  the  currents  of  air  and  steam  blow  the  deposits  to  one  side 
and  the  tube  becomes  distorted ;  it  may  even  return  on  itself. 
The  drip  in  the  bottom  forms  much  thicker  and  more  irregular 
stalagmites  as  will  be  seen  from  the  figure  which  represents  three 
actual  forms  not  occurring,  however,  in  the  same  cave.  Speci- 
mens have  been  found  which  exceed  eight  inches  in  diameter  and 
these  are  usually  low  and  fiat  topped.  The  more  slender  ones 
sometimes  rise  to  a  height  of  two  feet ;  and  so  rapidlv  is  the 
silica  deposited  that  they  seldom  increase  in  diameter  but  are 
true  acrogens,  none  of  the  suspended  silica  running  down  the 
sides.  In  one  cave  the  growth  of  the  stalactites  was  at  about  the 
rate  of  an  inch  a  week  but  owing  to  the  varying  amount  of  water 
or  steam  the  production  is  quite  irregular.  They  are  often 
coated  with  beautiful  white  crystals  of  gypsum,  sometimes  tip^ied 
with  needle-like  transparent  crystals  of  the  same  mineral  when 
the  cave  is  high.  The  natives  collect  them  with  the  upper  open 
joint  of  a  long  bambu." 

The  follo^ving  analysis  of  the  solid  stalactite,  by  John  C. 
Jackson,  is  given  by  jSrigham : 

SiOa       AlvOs      FeaOa      MnO      CaO      MgO     NajO      K,0 
G.   =    2-9         51-9         13-4         155         O'S         9-6         4*8         3*0  l-l  =  100i 

3.  Lavas  of  Kilauea, 

The  specimens  in  hand  from  the  volcano  of  Kilauea,  which 
have  been  examined  microscopically,  include  four  specimens 
(12,  16,  17,  18)  of  the  recent  lava  from  the  bottom  of  the 
crater,  six  specimens  of  the  older  lavas,  two  (13,  15)  from 
Waldron's  ledge  on  the  northeast  side  and  four  (14,  19,  20,  2t)) 
from  the  wall  west  of  Halemaumau ;  finallv  a  number  (l-U) 
from  the  ejected  masses  on  the  borders  of  the  crater,  especially 
on  the  west  side.  There  are  also  a  number  of  glassy  and 
scoriaceous  kinds. 

1.  The  recent  lavas, — The  specimens  of  the  recent  lavas 
were  taken  from  the  stony  part  of  the  layer  below  the  inch  or 
more  of  glassy  crust.  They  are  dark  colored,  vesicular  basalts, 
containing  chrysolite  but  not  in  very  large  amount.  The 
irregular  grains  of  chrysolite  are  often  aggregated  together 
with  augite  crystals  and  to  a  limited  extent  with  the  lath- 
shaped  feldspars,  these  constituents  obviously  representing 
those  which  farst  separated  from  the  magma.  The  mass  of  the 
solid  portion  of  the  rock  is  of  uniform  character,  consisting  of 
augite  and  feldspar  with  the  interstices  between  them  b&ck 
with  the  crowded  grains  or  plates  of  magnetic  and  titanic  iron ; 
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about  the  borders  of  the  vesicles  the  iron  is  especially  dense. 
It  is  very  interesting  to  note  that  these  specimens  are  the 
only  ones  amon^  those  from  Kilauea  which  show  distinctly 
the  stellate  feather-like  forms  of  the  augite  and  feldspar  so 
characteristic  of  many  of  the  Mauna  Loa  lavas  (as  shown  in 
fig.  1,  d,  p.  443).  The  augite  forms  hei'e  are  usually  smaller,  and 
less  varied,  but  there  is  the  same  grouping  in  parallel  bundles 
diverging  off  at  the  ends  into  dendritic  forms.  The  association 
between  the  augite  and  feldspar  is  also  very  close,  as  if  the 
crystallization  of  the  two  had  been  almost  simultaneous.  Thus 
the  feldspar  not  only  forms  in  some  cases  the  outer  extremities 
of  the  feather  but  sometimes  also  is  a  central  rib  flanked  on 
both  sides  by  the  augite. 

Occasionally  the  chrysolite  appears  in  the  long  slender  forms 
noted  as  common  among  the  Mauna  Loa  lavas.  One  of  these 
is  shown  in  figure  4,  ^,  which  also  exhibits  the  peculiar  feature 
of  many  of  these  rocks — often  noted  in  other  regions* — the 
grouping  of  the  titanic  iron  in  parallel  position  about  the  chrys- 
olite, normal  to  the  vertical  axis.  An  arrangement  of  the 
elongated  forms  of  the  titanic  iron  in  parallel  position  over 
small  areas  is  sometimes  noted  where  there  is  no  evident  rela- 
tion to  the  other  constituents.  Usually,  however,  the  chryso- 
lite is  the  controlling  influence  and  the  individual  often  bristles 
with  these  little  iron  rods  about  its  whole  outline  as  seen  in  the 
section.  Although  these  specimens  were  taken  from  so  near 
the  glassy  crust  there  is  little  or  no  glass  shown  in  the  thin 
section.  A  specimen  from  the  bottom  of  the  Little  Beggar, 
the  lowest  part  of  Kilauea,  shows  very  considerable  alteration, 
the  surface  being  covered  and  the  vesicles  filled  with  crystals 
of  gypsum ;  the  mass  is  rendered  red  and  nearly  opaque  by 
the  oxidation  of  the  iron. 

A  specimen  of  partially  devitrified  glass  shows  the  presence 
of  spherulites,  Hke  those  mentioned  in  similar  specimens  from 
Manna  Loa,  increasing  in  number  where  the  devitrification  is 
most  complete.  Crystals  of  chrysolite  and  microlites  of  feld- 
spar are  also  present  in  large  numbers.  Some  curious  specimens 
from  the  spatterings  about  a  blow-hole  exhibit  a  vesicular  glass 
with  crystals  of  chrysolite  and  aggregates  of  augite  and  feld- 
spar. The  chrysolite  encloses  large  amounts  of  glass,  often  in 
curiously  arranged  symmetrical  bands.  One  of  me  crystals  is 
represented  in  fig.  4,  L 

2.  The  older  lavas, — Of  the  ancient  Kilauea  lavas,  one  speci- 
men from  Waldron's  Ledge  (13)  is  remarkable  for  its  highlv 
chrysolitic  character,  as  its  unusual  density  (G.=3-18)  well 
shows.  It  is  a  grayish  compact  rock  thickly  sprinkled  with 
greenish  yellow  chrysolite  grains.  Under  the  microscope  the 
chrysolite  is  seen  to  be  in  large  individuals,  usually  irregular 

♦  Of.  Rosenbusch,  Mass.  G^ateine,  p.  722,  1887. 
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grains,  though  also  in  indistinct  crystals  and  occasional  rod-like 
forms.  These  often  contain  abundant  glass  inclusions.  The 
grains  are  often  packed  about  with  a  poorly  defined  border  of 
augite  and  it  is  in  this  zone  particularly  that  the  little  rods  of 
titanic  iron  are  regularly  orientated,  standing  out  from  the 
chrysolite  in  the  manner  already  described.  Besides  this,  it  is  a 
granular  mixture  of  augite  and  plagioclase  not  showing  anv 
glass.  The  other  specimen  (15),  from  the  foot  of  Waldron's 
Ledge,  is  a  light-gray  cellular  rock,  highly  crystalline,  the 
minute  cavities  lined  by  plates  of  feldspar  and  tables  of  titanic 
iron.  It  is  much  like  some  of  the  specimens  described  from 
Idauna  Loa  (p.  448),  and  with  them  is  characterized  by  the 
same  milk-white  spherical  mineral  in  the  cavities,  provisionally 
referred  to  phacolite. 

The  lavas  from  the  west  wall  of  Kilanea  west  of  Halemau- 
mau  are  all  closely  similar  in  character  among  themselves :  they 
are  dark-gray  in  color,  vesicular,  and  contain  a  fair  amount  of 
chrysolite.  The  structure  is  throughout  crystalline,  rather 
coarsely  granular,  and  the  chrysolite  is  marked  by  its  usual 
bristling  border  of  titanic  iron.  One  or  two  of  these  show 
something  of  the  radiating  augite  forms. 

3.  Ejected  masses  on  the  harder  of  Kilatiea. — The  specimens 
from  the  borders  of  Kilauea  are  supposed  to  have  been  ejected 
at  an  explosive  eruption  about  a  century  since.  The  larger 
part  of  the  masses  are  described  by  Proiessor  J.  D.  Dana  as 
bein^  of  a  fine-grained,  gray,  slightly  vesicular  lava.  Other 
specimens*  are  reddish  or  chocolate-colored,  coarsely  granular 
and  highly  crystalline.  In  the  latter,  the  chrysolite  is  present 
in  very  lar^e  amount  and  has  suffered  from  alteration,  probably 
by  the  action  of  heated  water  vapors,  so  that  the  iractured 
surface  is  either  dull-red  and  opaque  or  else  slightly  iridescent 
The  feldspar  crystals  are  clear  and  glassy,  and  where  there  are 
cavities  they  often  project  in  distinct  transparent  plates  from 
the  walls.  The  crystals  have  an  angle  of  extinction  of  —14® 
with  the  be  edge,  and  hence  conform  to  labradorite,  like 
those  of  similar  occurrence  anions:  the  Mauna  Loa  specimens. 
Under  the  microscope  the  chrysolite  is  seen  to  be  surrounded 
with  a  deep-red  bortler,  and  the  iron  oxidation  has  penetrated 
into  the  mass  of  the  crystal  sometimes  along  broad  fracture-lines, 
and  more  generally  in  a  network  of  fine  wavy  lines  giving  it  a 
peculiar  feathery  aspect,  Xot  infrequently  the  oxidation  has 
gone  so  far  that  the  chrysolite  is  perfectly  opaque  and  by  reflec- 
ted light  is  bright  brick-red. 

Specimens  6,  7,  ^^  are  examples  of  the  light-gray  lavas  but  of 
peculiar  characters.  Xo.  9  is  a  light-gray  rock  conspicuous 
among  all  those  under  examination  for  its  beautiful  crystalline 

•  Here  beionjr  Xos.  3.  S  with  G.=3*1S,  10  with  G.=3-15. 
\  For  6,  G.  =  315;  for  9.  G.=310. 
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Btmctnre.  It  is  very  light  and  porous  and  in  each  little  cavity 
there  are  groups  of  crystals  of  feldspar  in  the  usual  rhombic 
plates,  with  minute  slender  needles  of  a  pale  yellow  augite 
iridescent  on  the  surface,  and  thick  tables  of  titanic  iron  show- 
ing large  rhombohedral  planes  (ct=56®).  These  last  have 
bright  races,  often  cavernous,  and  with  a  bluish  steel-like  tarnish. 
The  augites  are  flattened  parallel  to  the  orthopinacoid,  as 
shown  by  the  parallel  extinction  and  the  oblique  optic  axis. 
Chrrsolite  is  present  in  the  mass  of  the  rock  but  nardly  appeal's 
in  the  sections. 

No.  7  is  a  similar  rock,  but  more  compact  except  for  paral- 
lel lines  of  cavities  partially  filled  with  black  glass.  iNo.  6 
shows  the  same  structure  in  part,  but  the  mass  of  the  specimen 
has  a  base  of  a  very  black  glass  with  crystals  of  feldspar,  augite, 
and  broad  plates  of  titanic  iron  runnmg  through  it.  In  the 
large  cavities  the  crystals  of  these  minerals  project  out, 
though  the  surface  of  the  cavity  is  lined  with  a  glassy  web. 
One  of  the  sections  under  examination  is  cut  across  the  junc- 
tion and  shows  both  the  uniform  fine-ff rained  crystalline  portion 
and  the  glassy  part  with  its  large  enclosed  crystals.  A  curious 
feature  of  the  glass  is  the  presence  of  a  swarm  of  minute  apa- 
tite needles  running  through  it  in  every  direction.  These  do 
not  extend  into  the  crystallized  parts.  Apatite  usually  appears 
as  one  of  the  very  earliest  secretions  from  the  magma,  and  why 
it  should  be  thus  localized  in  these  patches  of  glass  while  absent 
from  the  crystalline  parts  of  the  rock,  it  is  difficult  to  explain. 
In  general,  apatite  has  been  found  to  be  a  rare  constituent  of 
the  Hawaiian  lavas. 

Two  others  of  the  specimens  (4,  7)  are  gray  compact  rocks 
extremely  fine-grained  except  for  occasional  chrysolite  grains. 
No.  1  is  peculiar  in  having  small  uniformly-distributed  patches 
of  a  dark  colored  slightly  opalescent  glass,  which  is  deep  brown 
and  nearly  opaaue  in  the  thin  section  except  as  it  is  penetrated 

^ apatite  needles  which  here  also  are  connned  to  it. 
Vith  the  specimen  from  Kilauea  proper  belong  those  col- 
lected by  Mr.  Baker  from  Nanawale  and  Makaopuhi,  the 
former  chiefly  remarkable  for  their  chrysolitic  character,  the 
latter  sparingly  so.  Several  of  the  latter  specimens  are  remark- 
able for  that  crystalline  structure  that  has  been  several  times  re- 
marked upon,  and  one  of  them  contains  the  white  zeolitic  mineral. 
Former  observers  have  dwelt  at  length  upon  the  features  of 
the  glassy  forms  of  the  lava  and  the  presence  of  glass  in  the 
partly  crystalline  varieties.  This  is  probably  to  be  explained 
by  the  fact  that  the  specimens  which  first  present  themselves  to 
the  collector  on  his  visit  to  the  interior  of  Kilauea  are  the 
superficial  more  or  less  scoriaceous  or  glassy  forms  which  con- 
stitute merely  a  crust  and  do  not  represent  the  true  character 
^  the  average  lavas.     The  writer  has  found  glass  only  a  com- 
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paratively  insignificant  element  in  the  normal  rocks  and  often 
wholly  absent^  even  from  those  of  recent  emption, 

4.  Relation  between  the  rocks  of  the  Summit  crater  of  Mauna 

Loa  and  those  of  KUauea, 

In  general,  the  lavas  of  the  summit  crater  and  of  Kilauea,  so 
far  as  examined  by  the  writer,  are  strikingly  similar  in  character, 
all  being  augitic  basalts,  varying  chiefly  as  regards  the  amonnt 
of  chrysolite  present.  The  clinkstone-like  rock  of  Mokuaweo 
weo  has  not  been  observed  at  Kilanea ;  bnt  the  feathery  group- 
ing of  augite  and  feldspar  which  characterizes  it  belongs  to  the 
recent  Kilauea  lavas  as  well.  The  darker  colored  vesicular 
basalts,  which  are  highly  chrysolitic  and  hence  of  high  specific 
gravity,  are  alike  from  both  craters.  Writers  on  volcanoes 
have  attempted  to  draw  conclusions  in  regard  to  the  distribution 
of  the  heavier  and  lighter  lavas  according  to  altitude,  limiting 
the  former  to  the  lower  levela  This  is  a  natural  inference  on 
a  priori  grounds,  but  it  does  not  fest  on  observation  as  the  facts 
already  stated  sufficiently  show.  It  is  a  striking  fact  in  con- 
nection with  the  mechanics  of  volcanic  eruptions  that  lavas  of 
the  heaviest  character  (3*15  and  3'20)  should  have  been  raised 
to  an  altitude  of  nearly  14,000  feet  above  sea-level. 

The  chemical  composition*  of  the  Kilauea  lavas  is  well  shown 
by  the  series  of  analyses  (14  in  number,)  given  by  Silvestii 
and  also  those — chiefly  of  glassy  forms — ^given  by  Cohen. 

Of  these  analyses,  three  by  Silvestri,  (A,  B,  C),  and  two  by 
Cohen   (D,  E),  are  quoted  here,  viz : — 

A.  Recent  vitreous  basalt,  fresh  and  unaltered. 

B.  Older  basalt,  also  fresh ; 

C.  Older  basalt,  much  altered ; 

D.  Compact  basalt-obsidian ; 

E.  Pele's  Hair : 

A.  B.  C.  D.  E. 

G.  =  2-97       G.=301       G.  =  2'80       G.=2-76       G.=2-66 

SiOa 49-20  48-82  48*60  53*81  50S2 

TiOa 1-72  116             2-01  widtL 

AlaOa 14-90  15-22  25-46  13*48  9*14 

FeoO, 4'51  5-72  17*55  302  7*33 

FeO 12  75  965  1*20  7*39  7*03 

MnO 028  0-67  tr.  ir.  0*38 

CaO 9  20  10*40  2*20  10*34  11-63 

MgO 3-90  4-55  0*98  6*46  7*22 

Na,0 1*96  2*10  J     .^  3-23  1*02 

K«0 0-95  0-90  \     ^^^  0-64  3*06 

P,06 0-42  tr.  tr.              

HaO 0*10              1-87  0*57  1*74 

99  89  99-19  99*23  100*95  99*37 

*  The  remark  made  by  Professor  J.  D.  Dana  must  be  repeated  here  tbat  the 
early  analyses  published  in  the  Geological  Report  of  the  U.  S.  Exploring  Expedi- 
tion, having  been  made  for  him  by  an  inexperienced  analyst,  are  entirely  unrelii* 
ble  and  should  not  be  quoted. 
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Of  other  specimens  from  the  island  of  Hawaii  there  are  two 
specimens  from  Pnnaluu,  one  from  the  outside  of  a  bomb  and 
tne  other  from  an  Ora  flow.  The  interesting  point  about  these 
is  the  stronffly  accentuated  flow  structure  as  shown  in  the  feld- 
spar microntes  as  they  find  their  way  around  the  occasional 
large  crystals  of  chrysolite  and  angite — ^the  fluidal  character  is 
as  a  rule  entirely  absent  from  the  specimens  before  described, 
and  in  general  is  not  so  common  in  basic  as  in  acidic  lavas. 

Specimens  from  western  and  northwestern  Hawaii,  Kawaihae 
and  Mahukono  are  again  more  or  less  vesicular  chrysolitic 
basalt&  Of  these  rocks  that  from  Kawaihae  is  the  most  note- 
worthy because  of  the  large  clusters  of  glassy  feldspar  crystals 
which  give  it  a  striking  porphyritic  aspect. 

5.  La^as  of  Maui, 

From  the  island  of  Maui  about  a  dozen  specimens  have  been 
subjected  to  microscopical  examination,  of  which  three  were 
collected  by  Rev.  S.  E.  Bishop.  The  most  recent  lavas  of  Halea- 
kala  are  represented  by  three  specimens,  all  somewhat  scoria- 
ceoua  One  of  these  is  from  the  summit  at  an  altitude  of 
nearly  10,000  feet,  the  others  from  the  bottom  floor.  They 
are  all  very  highly  chrysolitic,  and  of  high  specific  gravity 
(G.=3*10).  The  similarity  of  the  hand  specimens  is  so  great 
that  they  might  almost  have  been  taken  from  the  same  block. 
They  are  dark  colored,  very  vesicular,  and  highly  porphyritic 
with  both  chrysolite  and  augite.  The  large  and  well-formed 
crystals  of  augite  often  have  a  narrow  external  zone  of  deeper 
color  (violet-brown)  and  are  distinctly  pleochroic.  They  are 
usually  mottled  with  inclusions  of  glass  or  iron.  The  chrysolite 
shows  but  few  inclusions.  The  ground  mass  is  thicklv 
sprinkled  with  iron  grains  making  it  nearly  opaque;  small 
triclinic  feldspar  needles  and  a  secondarv  augite  m  minute 
form  are  seen.  In  these  specimens  the  feldspar  must  make  up 
but  a  very  inconsiderable  proportion  of  the  whole.  These  recent 
chrysolitic  basalts  in  Haleakala  are  much  more  porphyritic  and 
otherwise  quite  different  from  the  basalts  of  Mauna  Loa  and 
Kilauea. 

More  different  still  are  several  specimens  of  the  older 
lavas.  One  of  these  (29)  is  from  within  the  crater.  It  is  a 
very  fine-grained,  dark  bluish  gray  rock  of  uniform  texture, 
perfectly  fresh  and  showing  but  few  minute  cavities.  It  is  a 
leldspathic  rock  presenting  under  the  microscope  a  rather  con- 
fused aggregation  of  feldspar  and  augite,  the  latter  in  minute 
erains,  the  whole  thickly  sprinkled  with  grains  of  iron.  Chryso- 
lite is  occasionally  noted  in  peculiar  elongated  forms,  generally 
forked  at  both  ends,  and  having  a  border  of  titanic  iron  grains 
as  before  noted  (fig.  4,  m).     The  most  marked  peculianty  is 
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the  presence  of  minute  scales  of  a  dark  brown  mineral,  prob- 
ably biotite,  which,  however,  is  only  present  very  sparingly. 

Another  interesting  specimen  (80)  which  was  obtained  from 
the  top  of  Haleakala  is  a  thin,  almost  schistose  rock,  light  gray 
in  color  and  presenting  the  same  sort  of  an  aggregation  of  idd- 
spar  and  augite  under  the  microscope.  Chrysolite,  however, 
is  a  prominent  constituent  especially  in  the  hand  specimen. 
There  are  also  large  elongated  but  usually  ill-defined  aggregates 
of  magnetite  grains  marking  the  presence  of  original  lar^  mdi- 
viduals,  biotite  or  hornblende,  which  have  been  re-abeorbed 
into  the  magma.  Occasional  remnants  of  the  original  minend 
are  noted  but  in  very  small  amount  Another  curious  feature 
of  this  rock  is  the  presence  of  a  zone  of  augite  about  the  grains 
of  chrysolite.  One  case  of  this  is  illustrated  by  fig.  4,  n. 
The  chrysolite  crystal  though  separated  into  different  parts  has 
throughout  the  same  optical  orientation  as  indicated  by  the 
shading,  while  that  of  the  augite  varies  from  grain  to  grain. 
The  mantle  of  magnetite  grains  about  the  upper  end  oi  the 
chrysolite  seems  to  represent  the  remains  of  the  augite  which 
has  disappeared.  This  re-absorption  of  augite  is  not  commonly 
observed,  but  this  case,  and  still  more  another  one  where  of  a 
single  augite  crystal  alone  a  large  part  has  disappeared  in  this 
way,  places  the  matter  above  doubt  This  zonal  arrangement 
of  the  augite  about  the  chrysolite  has  been  noted  by  other 
observers  m  a  number  of  cases.* 

The  structure  and  composition  of  both  these  last  mentioned, 
rocks  suggest  that  they  should  perhaps  be  classed  among  the 
augite-anaesites  rathdr  than  the  basalts.  To  decide  this  point 
we  have  the  silica  determinations,  for  which  I  am  indebted 
to  Mr.  Henry  L.  Wheeler  of  the  SheflBeld  Scientific  School 
He  found  in  the  first  (No.  29)  4842  p.  c.  SiO„  and  in  the 
other  50-44  p.  c,  which  conform  to'  that  of  normal  basalt 

The  remaining  specimen  from  the  top  of  Haleakala  is  a  dark 
gray,  almost  black,  rock  of  the  finest  grain,  very  compact  and 
breaking  with  a  conchoidal  fracture.  It  is  characterized  by 
the  large  amount  of  iron  in  minute  grains  very  thickly  distrib- 
uted, so  as  to  make  the  section  nearly  opaque  unless  extremely 
thin.  The  feldspar  microlites  are  the  most  prominent  constit- 
uent, and  these  show  a  rather  distinct  fluidal  arrangement 
The  two  specimens  from  Paia  on  Maui  are  much  like  those  from 
Haleakala  just  mentioned,  especially  No.  29,  and  like  it  they 
bear  the  same  resemblance  to  andesite.  A  curious  point  aboot 
them,  is  their  readiness  to  alter,  the  exposed  surfaces  passing; 
into  a  soft  earthy  mass  of  a  light  brown  color. 

The  specimens  from  Western  Maui,  collected  by  Rev.  S,  B. 
Bishop,  are  rocks  of  peculiar  and  interesting  character.     Mr. 

*See  F.  D.  Adams.  Amer.  Naturalist,  1087,  1885,  G.  H.  Williams,  this  Jounulr 
xzxi,  35,  1886. 
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Bishop  says  that  they  are  '^  crusts  and  soft  interiors  of  the  same 
formation  (apparently  flowing  lava)  found  on  Launiupoko  hill,  3 
cniles  S.  of  Lanaina.  A  precisely  similar  formation  occupies  the 
front  of  Mt.  Ball,  2^  miles  above  Lahaina.  The  crusts  are 
jften  rolled  under  the  gray,  soft  material.  Many  crusts  of  gro- 
t;esque  form  lie  about,  from  which  the  softer  part  has  been 
washed  away.  Many  portions  of  the  gray,  soft  mass  are  of 
^eat  thickness.  Much  building  stone  has  been  hewn  from  it, 
it  presents  no  appearances  of  being  the  result  of  any  decay, 
being  compact  and  of  uniform  texture,  except  the  hard  crusts, 
many  of  which  are  crumpled  up  as  if  in  flowing,  like  pahoe- 
boe.' 

One  of  the  specimens  (28)  is  a  whitish  gray  compact  rock, 
whose  surface  is  worn  out  into  a  series  of  deep  holes  between 
projecting  ridges  nearly  one  inch  in  height.  The  texture, 
though  appearing  closely  compact  at  first  sight,  is  seen  by  the 
glass  to  be  minutely  porous,  and  the  surface  is  speckled  with 
very  small  rusty  spots.  Under  the  microscope  it  is  seen  to 
consist  almost  exclusively  of  plagioclase,  here  and  there  por- 
phyritically  developed  ;  there  are  also  the  remnants  of  a  bnght 
green  pleochroic  mineral  present  in  traces  only  and  obviously 
the  original  mineral  whose  disappearance  has  left  the  rusty 
spots ;  it  seems  to  be  hornblende.  A  little  biotite  is  also  pres- 
ent. Iron  is  scattered  through  the  mass  rather  sparingly  in 
minute  grains ;  no  augite  was  noted.  Another  specimen 
shows  the  transition  from  the  firm  rock  to  a  soft  chalky 
condition  powdering  under  the  fingers.  The  section  is  very 
like  the  other  just  described,  though  the  feldspar  is  much 
clouded  and  an  occasional  red  crystal  of  chrysolite  is  noted. 

A  third  specimen  (32)  is  a  flake  from  a  large  bowlder  (8x5 
X4:  feet)  found  one  mile  S.  W.  of  the  summit  of  Mt.  Ball. 
Mr.   Bishop  remarks  that,  in  the  .„ 

eroded  cliff,  bowlders  occur  ce- 
mented by  mud,  being  ejectamenta 
from  Mt.  Ball.  The  specimen  is 
finely  schistose  and  so  soft  and 
friable  as  to  separate  easily  into 
thin  silvery  scales,  and  by  hand- 
ling it  is  soon  reduced  to  a  fine 
powder.  Microscopic  examination 
ahows  it  to  be  very  nearly  the  same 
in  material  with  the  others,  but 
having  a  distinctly  fragmental 
appearance.  There  is  more  chrysolite  present  in  small  broken 
fragments  of  crystals;  there  is  also  a  httle  brown  biotite  in 
scales.  The  mass  is  made  up  of  penetration  twins  of  plagio- 
clase according  to  the  Carlsbad  law  mostly  arranged  parallel  to 


466     K  8.  Dana — Petrography  of  the  Sandwich  Islands. 

the  brachypinacoid  and  hence  showing  no  other  kind  of  twin- 
ning. The  form  of  one  of  these  groups  is  shown  in  fig.  12. 
The  cleavage  marks  the  position  of  the  basal  plane  and  the 
angle  of  the  section  (about  80°)  shows  that  it  is  bounded  by  the 
planes  c  (001)  and  y  (2OI).  The  extinction  makes  an  angle  of 
a  few  degrees  with  the  basal  edge,  varying  +  or  —  with  a  slight 
change  in  the  direction  of  the  section.  This  optical  character  and 
the  further  fact  that  the  acute  bisectrix  is  nearly  normal  to  the 
brachypinacoid  wQuld  make  the  feldspar  an  oligoclasa  Occa- 
sional feldspar  individuals  are  cut  more  nearly  parallel  to  the  ba- 
sal plane  and  have  the  usual  elongated  form,  and  show  the  twin- 
ning like  the  other  specimen,  but  as  a  rule  they  all  lie  nearly 
parallel  to  the  brachypinacoid.  The  amount  of  silica  present^  as 
determined  by  Mr.  Wheeler,  is  61*63  p.  c.,  which  corresponds 
to  the  microscopic  determination.  This  remarkable  feldspathic 
andesite  is  a  totally  different  rock  from  any  other  which  has 
been  as  yet  obtained  from  the  islands,  ana  the  writer  hopes 
to  be  in  the  position  later  to  give  a  more  minute  account  of  its 
occurrence  and  composition. 

5.  Lavas  of  Oahu, 

Of  the  specimens  in  hand  from  the  island  of  Oahu,  sii 
(33,  36,  40,  41,  44, 45)  are  from  the  Kaliuwaa  valley,  near  Pn- 
naluu  on  the  north  side  of  the  island ;  four  (27,  38,  39,  43)  are 
from  the  Waialua  plain ;  one  (42)  from  a  point  just  north  of 
Kahuku  BluflF ;  another  (37)  from  a  gulch  beyond  Monolna,  4 
miles  west  of  Honolulu ;  and,  finally,  there  are  a  number  of 
specimens  of  the  tufa  from  the  Punchbowl  near  Honoluln. 
Among  these  specimens,  two  are  forms  of  highly  chrysolitic 
basalts ;  these  are  the  specimens  from  Kahuku  Bluff  and  one  of 
those  from  near  Waialua.  In  the  first  of  these  (42)  the  chrys- 
olite makes  up  probably  two  thirds  of  the  mass  of  the  rock ;  it 
is  present  in  distinct  isolated  crystals,  having  the  characteristic 
form,  each  crystal  having  a  rather  broad,  rusty  border,  though 
the  interior  is  for  the  most  part  clear  and  unchanged.  Tne 
chrysolite  incloses  grains  of  iron,  but  very  little  glass.  The 
ground  mass  is  a  fine-grained  mixture  of  augite  and  plagioclase 
with  considerable  iron,  the  augite  being  the  more  prominent 
constituent. 

In  the  specimen  from  Waialua  (43)  the  chrysolite  is  also 
prominent ;  its  specific  gravity  is  30G.  With  the  chrysolite,  the 
augite  and  feldspar  also  occur  in  large  individuals  besides 
being  present  in  the  base.  The  feldspar  here  contains  dark- 
colored  glassy  inclusions  in  large  numbers  arranged  parallel  to 
the  vertical  axis.  The  base  is  a  confused  mixture  of  dirty 
brown  augite  and  feldspar,  with  iron  in  considerable  amooDt 
The  specimen  (33)  from  a  dike  in  the  upper  part  of  the  Kal- 
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iwaa  Valley  is  a  very  compact,  nearly  black  basalt,  unusual  in 
lowing  occasional  grains  of  pyrite.  The  feldspar  is  fresh, 
at  the  augite  is  more  or  less  altered  and  its  place  taken  by  a 
jrpentinous  substance,  while  occasional  cavities  are  filled  with 
light  colored  radiating  zeolitic  mineral  showing  feeble  double 
jf  raction.  Besides  the  usual  magnetic  iron,  which  is  scattered 
irough  in  grains  or  octahedral  crystals,  there  are  also  curious 
ygregations  of  iron  ore  in  very  slender  rod-like  forms,  some- 
mes  crossing  each  other  at  right  angles,  but  usually  matted 
)gether  with  a  confusedly  reticulated  structure,  sometimes 
)rming  nearly  opaque  spherical  aggregates.  Specific  gravity 
•90. 

Chrysolite  is  present  very  sparingly  in  the  remaining  rocks, 
le  hand  specimen  showing  only  here  and  there  an  isolated 
rain,  and  sometimes  close  search  is  needed  to  detect  it.  They 
re  all  light  bluish  gray  basalts,  with  specific  gravity  ranging 
rom  2*86  to  2*91.  Jfo  very  close  study  has  been  made  of 
liese  specimens,  but  with  «  number  of  them  their  aspect,  their 
ighly  felspathic  character,  and  the  microscopic  structure,  made 
\  seem  as  if  they  might  more  properly  belong  to  the  andesites ; 

silica  determination  of  one  of  them  (SB,  G.=2*86)  by  Mr. 
Wheeler  gave,  however,  only  50*55  p.  c.  SiO,.  Several  of  these 
ocks  show  more  or  less  alteration,  and  in  one  of  them  (36)  the 
ccasional  crystals  of  chrysolite  have  entirely  passed  intoserpen- 
ine.  For  tne  most  part  they  are  highly  crystalline,  but  one 
f  the  group  (45,  G.  =  2*88)  is  exceptional  in  showing  numerous 
atches  of  a  dark  brown  glass ;  this  specimen  is  the  most  highly 
hrysolitic  of  the  number,  it  being  present  in  minute  grains 
mong  the  feldspar  and  augite,  each  gr^in  having  its  orientated 
ringe  of  titanic  iron.  No  nepheline  oasalt  was  detected  among 
be  specimens  in  hand. 

Resume, — The  chief  points  brought  out  and  discussed  in  the 
receding  pages  are,  the  characters  of  the  clinkstone-like  basalt 
rith  its  novel  forms  of  feather-augite,  and  also  of  the  heavy 
hrysolitic  basalt,  each  from  the  summit  crater;  the  general 
imilarity  between  the  lavas  of  Mauna  Loa  and  of  Kilauea  and 
be  crystalline  character  of  both,  even  of  the  recent  forms ;  the 
bructure  and  origin  of  the  stalactites  in  the  caverns  of  the 
fauna  Loa  lava  stream,  like  those  in  the  caverns  of  Kilauea, 
ffering  new  problems  in  the  formation  of  igneous  rocks.  It 
J  shown  further  that  the  la^as  in  hand  from  Maui — with  the 
xception  of  the  andesite  from  the  western  part  of  the  island — 
nd  also  those  from  Oahu,  belong  to  the  basaltic  type,  though 
ften  approaching  andesite  in  appearance ;  furthermore,  that 
be  lavas  of  Hawaii  show  extensive  alteration  but  only  so  far  as 
be  iron  oxidation  is  concerned,  while  some  of  those  of  Maui  and 
)ahu,  especially  the  latter,  are  much  more  profoundly  changed. 
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Art.  XL VII. — The  Determination  of  Water  and  Carionk 
Acid  m  Natural  and  Artificial  Salts;  by  Thomas  M. 
Chatabd. 

The  following  method  and  apparatus  having  been  nsed  for 
the  analysis  of  a  large  number  ox  natural  and  artificial  alkaline 
carbonates,  have  been  found  to  give  results  which  are  satisfa^ 
tory  not  only  as  to  accuracy  but  also  as  to  ease  and  rapidi^. 

A  is  a  combustion  tube  drawn  out  and  bent  at  a  right  angle, 
B  is  a  platinum  boat  which  contains  the  salt  to  be  examined 
and  rests  upon  the  thin  sheet  of  asbestos  paper  C  used  to  pre- 
vent adhesion  between  the 
platinum  and  the  glass  when 
heated.  D  is  a  rofi  of  asbes- 
tos paper  wrapped  with  tlrin 
{)latmum  wire,  which  fits 
obsely  in  the  tube  and  pre- 
vents back-currents  of  air  during  the  heating.  The  bent  ena  of 
the  combustion  tube  enters  one  limb  of  the  U-tube  E  which  is 
my  own  form  and  differs,  as  shown  by  the  drawing,  from  those 
at  present  on  the  market,  by  having  an  especially  large  bulb  at 
the  bottom.  The  two  limbs  of  the  tube  are  filled  with  glass 
beads  wet  with  strong  sulphuric  acid.  Sufficient  acid  should 
be  put  in  to  fill  the  narrow  tubes  up  to  the  bends,  compeUing 
the  air-current  to  bubble  through. 

In  using  tlie  apparatus  the  combustion  tube  is  thoroughly 
heated  and  then  allowed  to  cool,  a  current*  of  perfectly  £iea 
air  being  continually  passed  through  it  and  the  part  of  the  tube 
where  the  boat  is  to  be  placed  being  protected  Dy  a  semi-cylin- 
drical trough  of  sheet  iron  lined  with  asbestos  paper.  The  U- 
tube,  having  been  weighed,  is  now  attached  to  the  combustion 
tube  as  shown  and  the  air  current  is  regulated.  The  platinum 
boat,  previously  heated  and  then  cooled  in  a  desiccator,  is 
weighed  and  about  one  gram  of  the  salt  put  into  it  and 
spread  evenly  along  the  bottom  ;  the  salt  should  be*  very  finely 
pulverized  to  prevent  decrepitation.  The  boat  with  its  con- 
tents should,  alter  weighing,  be  at  once  inserted  into  the  tube 
and  the  asbestos  ])lug  D  which  should  have  been  highly  heated 
and  still  be  hot,  shoved  in  close  behind  the  boat. 

The  tube  is  now  heated  gradually  beginning  at  the  plug. 
As  the  water  in  such  salts  is  driven  out,  in  great  part,  at  a  low 
temperature  the  heating  must  be  cautiously  done  and  the  air 
current  must  not  be  too  slow  else  water  niay  condense  in  the 
cold  part  of  the  tube  back  of  the  plug.  When  heating  salts 
containing  sodium  bicarbonate,  the  regulation  of  the  air  cur- 
rent is  the  more  difficult  since  the  acid  CO,  of  the  bicarbonate 
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coral  mentioned,  during  the  spring  of  1887,  at  the  Marine  Labora- 
tory of  the  University  stationed  on  the  island  of  New  Provi- 
dence, Bahamas.     It  is  illustrated  by  seven  folded  plates. 

1 6.  7%e  Anatomy  of  Aatrangia  Dance,  Six  lithographs  from 
drawings  by  A.  Sonrel,  Natural  History  Illustrations  prepared 
under  the  direction  of  Louis  Agassiz,  1849.  Explanation  of 
plates  (20  pages  4to^  by  J.  Walter  Fewkes.  Published  by  the 
Smithsonian  Institution,  1889. — The  beautiful  plates  here  issued 
were  drawn  in  1849  under  Prof.  L.  Agassiz's  direction  from  mate- 
rial collected  during  the  first  dredging  trip  of  Prof.  Agassiz  under 
the  auspices  of  the  U.  S.  Coast  Survey.  The  vessel,  the  steamer 
Bibb,  was  under  the  command  of  Lieut.  C.  II.  Davis^  and  the 
collections  of  Astrangia  were  made  near  Nantucket.  The  memoir 
was  left  unfinished  by  Prof.  Agassiz. 

III.  Miscellaneous  Scientific  Intelligence. 

1.  The  International  Congress  of  Electricians  will  meet  in 
Paris  during  the  week  from  the  24th  to  the  3l8t  of  August  next. 
The  subjects  to  be  considered  are  Measurements,  Machmes,  Elec- 
trochemistry, Lighting,  Telegraphy,  Telephony  and  other  eco- 
nomic applications  of  electricity  and  Electrophysiology.  The  fee 
for  membership  is  twenty  francs.  All  communications  relative  to 
the  Congress  should  be  addressed  to  M.  Mascart,  President  of  the 
Committee  of  Organization,  44  Rue  de  Rennes,  Paris.  The  pur- 
pose of  the  meeting  is  to  continue  and  complete  the  work  of  the 
Reunion  of  1881. 

2.  Geological  Society  of  France. — The  Special  Reunion  of  this 
Society  will  be  held  this  year  at  Paris,  commencing  with  August 
18th.  There  will  be  excursions  to  the  .various  localities  of  interest 
about  Paris,  and  also  under  the  guidance  of  MM.  Michel  L6vy 
and  Barrels,  in  Auvergne  and  Brittany.  Communications  should 
be  addressed  "Secretariat  de  la  Societ6  geologique,  V  Rue  des 
Grands-Augustins."  American  geologists  have  been  invited, 
through  Major  Powell,  President  of  the  American  Association,  to 
attend  the  reunion. 

3.  The  Botanical  Society  of  FrancCy  according  to  a  circular 
recently  issued  over  the  signature  of  M.  H.  de  Vilmorin,  Presi- 
dent of  the  Society,  will  have  a  Reunion  during  the  latter  half  of 
the  month  of  August.  M.  Maury  is  Secretary  of  the  Committee 
of  Organization. 

4.  American  Geological  Society,  The  regular  meeting  of  this 
Society  will  be  held  at  Toronto,  Canada,  on  the  28th  and  29th  of 
August  next.  The  circular  issued  by  the  Secretary,  Prof.  J.  J. 
Stevenson,  of  the  University  of  the  City  of  New  York,  requests 
that  a  member  having  a  paper  to  read  should  send  him  an  abstract 
of  its  contents  and  an  estimate  of  its  length  before  the  10th  of 
August ;  and  where  the  author  of  a  paper  will  not  be  present, 
that  the  paper  be  sent  to  him,  by  the  same  date,  that  it  may  be 
submitted  to  a  meeting  of  the  Council. 
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gave  40*28  per  cent  Na,0  equivalent  to  28*58  per  cent  CO, 
required  to  make  Na,CO,;  38*13- 28-58=9-55  per  cent  CO.m 
the  acid  CO,  of  the  bicarbonate  present  Hence  0*09  per  CMt 
of  this  CO,  was  not  driven  off. 

In  another  sample  of  Urao  from  same  locality  : 


Salt  taken. 

Loss  of  salt. 

H,0. 

Diff.=CO,. 

COi  in  Res. 

Sum  GO). 

1-1801 

29-27 

19*80 

9*47 

28*69 

38*1« 

1*2297 

29*35 

19-83 

9*52 

28-64 

38*16 

1*2066 

29-39 

19*86 

9*54 

28*49 

38-03 

1*0880 

29*26 

19*80 

9-46 

28*67 

38*18 

1*1761  29-32  19*82  9*50  28*62  38*12 

Two  determinations  total  CO,  gave  38*17  per  cent  and  38*22 
per  cent,  average  38*19  per  cent  CO, ;  two  determinationfi  of 
alkali  gave  40*19  and  40*22  average  40*20  per  cent  Na,0 
equivalent  to  28*53  per  cent  CO,.  Hence  as  28*62  per  cent 
CO,  was  found  in  the  residue  we  have  0*09  per  cent  acid 
CO,  not  driven  off. 

In  a  sample  of  Trommsdorff's  C.  P.  sodium  bicarbonate  then 
was  found : 

Salt  taken.        Loss  of  salt  H,0.       Diff.=CO,.    COa  in  Re8.        Sum  C0^ 

1-4265  36-68  1091  25-77 

1-5995  36-81  1090  25-91 

1-3200  36-71  10-91  25-80  26*25  52*05 

1-3723  36-73  10-98  25*75  26"37  52-12 


1-4296  36-73  1092  25-«l  26*31  52*09 

Two  determinations  of  total  CO,  gave  average  of  51*98  per 
cent ;  two  determinations  of  alkali  gave  average  of  36*88  per 
cent  Xa,0  equivalent  to  26*17  per  cent  CO,.  Subtracting 
26*17  from  26*31,  average  amount  of  CO,  in  residue,  we  have 
0*14  per  cent  CO,  not  expelled  by  heating  to  sintering. 

Comparing  these  amoimts  of  excess  of  CO,,  retained  by  the 
residues  of  the  ignition,  with  the  weight  of  salt  taken  we  have 
the  following  relations. 

Relation  of 
exoess  to  weight. 

0*084 
0*077 
0-091 


1 

Sample. 

So.  of  deter- 
mlDatioDS. 

Average 
wt  taken. 

Average 
excess. 

Urao  No.  1 

3 

1-0638 

0*09 

Urao  No.  2 

4 

11761 

0*09 

Bicarbonate 

4 

1-4296 

0-14 

Average     0*084 

Hence  we  may  say  that  if  sodium  bicarbonate,  or  a  salt  con- 
taining a  large  proportion  of  it,  is  heated  till  it  sinters  without 
fusing  and  is  kept  at  that  temperature  for  one  hour,  it  still 
retains  CO,  in  excess  of  the  amount  required  to  form  moDO- 


Carbonic  Acid  in  Natv/ral  and  Artificial  SalU.      469 

is  set  free  simultaneously  with  the  water,  but  upon  this  regula- 
tion and  the  gradual  heating  depends  the  success  of  the  opera- 
tion. 

The  water  bath  F,  of  which  F'  is  a  top  view,  is  now  put  into 
position,  as  shown,  so  that  one  limb  of  the  U-tube  fits  mto  the 
curved  recess  in  the  side  of  the  bath.  A  small  -alcohol  lamp 
keeps  the  bath  hot  so  that  the  water  driven  out  of  the  salt  may 
not  condense  in  the  upper  part  of  the  limb.  By  the  use  of  this 
bath  the  time  requirea  for  the  operation  is  much  shortened. 

As  soon  as  that  part  of  the  tube,  which  contains  the  boat, 
appears  free  from  condensed  water,  it  should  be  highly  heated 
until  all  the  moisture  has  disappeared  from  the  drawn  out  por- 
tion. This  will  generally  take  from  twentv  minutes  to  half  an 
hour;  when  completed,  the  water  bath  is  removed  and  the 
apparatus  allowed  to  cool,  the  air  current  being  still  kept  up. 
As  soon  as  the  tube  is  cool,  the  U-tube  is  disconnected  and  the 
boat  with  its  contents  removed  and  placed  in  a  small  well 
stoppered  glass  tube  which  has  been  weighed. 

The  increase  of  weight  of  the  U-tube  gives  the  amount  of 
water  in  the  sample,  while  the  weight  of  the  small  tube,  con- 
taining the  boat  and  the  calcined  salt,  if  subtracted  from  the 
sum  of  the  weights  of  the  tube,  the  boat  and  the  salt  taken, 
shows  a  loss  which  is  the  water  plus  the  acid  CO,  of  the  bicar- 
bonate. The  calcined  salt  which  should  be  sintered  together 
but  not  fused  can  then  be  used  either  for  a  determination  of 
the  residual  COj  or,  as  is  preferred,  dissolved  and  the  alkali 
determined  by  standard  sulphuric  acid,  methyl  orange  being 
used  as  the  indicator,  the  same  portion  being  then  used  for  the 
CI  determination  if  chlorides  are  present. 

Many  attempts  were  made  to  collect  and  weigh  the  CO, 
driven  off  bv  neat,  but  it  was  found  impracticable  to  do  so 
without,  at  tne  same  time,  sacrificing  the  water  determination. 
No  matter  how  carefully  the  heat  and  air  current  are  regulated, 
the  COj  comes  off  too  rapidly  for  proper  absorption  in  a  potash 
bulb  and  if  the  air  current  is  too  slow,  water  condenses  back  of 
the  plug  and  this  determination  is  too  low. 

when  no  attempt  is  made  to  absorb  the  CO,,  the  results  are 
very  satisfactory.  A  specimen  of  Urao  (Na,CO„  NaHCO.H- 
211,0)  from  Owens  Lake,  Cal.,  gave  the  following  results : 

Salt  taken.  Loss  of  salt.  HaO.  Diflrerence=C09. 

1-0040  29-61  20-12               9*39 

1-0490  29-58  20*09               9*49 

1-1583  29-49  2000               9-49 


Average  1-0638  29-53  20-07  9*46 

Three  closely  agreeing  determinations  of  total  CO,  gave  an 
average  of  38*13  per  cent ;  two  determinations  of  the  alkali 
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with  plane  parallel  glass  faces  one-quarter  inch  apan  wm 
therefore  snbstitnted  and  the  spectrum  foand  to  be  the  aae 
whichever  lionid  was  next  the  slit  The.  position  of  the  lodi 
was  measured  bv  means  of  a  tnbe  bearing  an  illnminaicd  ^ 
the  image  of  which  moved  over  that  of  the  spectrum  »  & 
tnlie  was  revolved  around  the  same  axis  as  the  telescope  od 
collimator.  The  amount  of  revolution  was  measured  oni 
scale  bearing  a  vernier  reading  directly  to  five  minutes  of  iit 
and  by  estimation  to  one  mmute.  The  cells  being  bcpdi  in 
front  of  the  spectroscope  slit,  a  liquid  in  eacb,  the  image  <rf 
the  micrometer  slit  was  fixed  in  the  middle  of  the  band  whose 
deviation  was  to  be  measured.  The  liquids  were  then  tunwd 
from  the  cells  into  a  test  tube,  mixed  there,  and  the  mixtuR 
turned  half  into  one  cell  and  half  into  the  other.  The  inufe 
of  the  slit  was  then  seen  to  be  no  longer  in  the  uiiddle  of  5e 
band,  and  to  bring  it  there  again  the  tube  had  to  be  revolved 
through  from  V  to  17',  according  to  the  ratio  of  the  liquifk 
But  to  avoid  the  effect  of  any  unconscious  bias  on  the  part  of 
the  observer,  the  first  band  was  observed  with  unmixed  uqiu<k 
then  the  second,  and  then  the  two  in  the  same  order  witi 
mixed  liquids,  so  that  the  observer  did  not  know  whetlier 
there  were  any  movement,  or  in  which  direction  it  was,  till  he 
had  fixed  the  micrometer  and  taken  the  reading. 

The  principal  liquids  used  were  those  employed  by  Melde 
in  his  first  experiments;  namely,  solutions  in  water  of  carmine 
with  ammonia,  bichromate  of  potassium,  and  ammoniacal  snl- 
pliate  of  coj)per.  The  carmine  and  bichromate  were  tried  fii^, 
and  the  former  being  kept  at  the  same  strength,  the  latter  was 
diluted  successively  to  ^,  },  |,  yVi  ^^C-?  ^  its  first  strength, 
which  was  that  which  just  enabled  the  carmine  bands  to  be 
8oen.  Dilution  seemed  to  have  no  effect  on  the  displacement 
of  the  band  till  the  bichromate  was  very  weak,  when  it  fell 
off  almost  entirely.  The  mean  of  sixteen  measurements,  at 
various  strengths  of  the  bichromate,  was  10' '9  displacement 
tow^ard  the  blue  end  of  the  spectrum  (absorbed  by  the  bichro- 
mate) for  the  least  refrangible  carmine  band,  and  that  of  ten 
measurements  for  the  most  refrangible  was  8'-8.  The  meas- 
urements, which  were  all  in  the  same  direction,  ranged  in  the 
first  case  from  ID'  to  6'  and  in  the  second  from  i4'  to  5',  a 
result  due  probably  both  to  the  difficulty  of  fixing  the  slit 
exactly  in  the  middle  of  the  band  and  to  the  variation  in 
strength.  An  arc  of  T  in  this  place  corresponds  to  a  difference 
of  wave-length  of  about  4  millionths  of  a  millimeter.  The 
width  of  the  bands  w'as  about  4-0'  so  that  the  average  displace- 
ment was  about  one-quarter  of  the  width,  an  amount  plainlj 
evident  without  measurement. 

Carmine  and  ammoniacal  copper  sulphate  were  now  tried  in 
ler,  and  the  bands  were  displaced  toward  the  red. 
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carbonate  with  the  alkali  present ;  and  that,  for  quantities  of 
from  1  to  1*5  grams,  this  excess  may  be  considered  as  one- 
tenth  of  one  per  cent  of  the  salt  taken. 

For  an  analysis  of  sodium  bicarbonate  or  baking  soda,  it  is 
therefore  sufficient  to  determine  the  loss  by  ignition,  the  H,0, 
and  the  alkali  in  the  ignited  residue  to  obtain  the  total  amount 
of  CO,  in  the  sample,  adding  to  this  amount  an  amount  of  CO, 
eoual  to  0*10  per  cent  of  Sie  weight  of  the  samples  taken. 
Tne  method  is  much  more  rapid,  lar  easier  and  qmte  as  accu- 
rate as  the  distillation  process,  and  may  prove  of  value  for 
technical  purposes. 


Art.  XLVIII. — Preliminary  Note  on  th^  Absolution  Spectra 
of  Mixed  Liquids ;  by  Arthur  E.  Bostwick. 

In  1865  Prof.  Melde,  in  experiments  on  the  absorption  spec- 
tra of  mixed  liquids,*  proved,  as  he  thought,  that  they  were  not 
formed  by  simple  addition  of  the  component  spectra,  but  that 
the  bands  shifted,  a  large  band  of  one  liquid  seeming,  in  gen- 
eral, to  attract  a  small  band  of  the  other,  and  more  strongly  as 
the  proportion  of  the  former  in  the  mixture  was  increased. 
Dr.  Shuster,  in  discussing  these  observationSyf  shows  that 
where  a  small  band  falls  on  the  slope  of  a  large  one  the  effect 
of  optical  addition  is  to  shift  the  apparent  maximum  of  ab- 
sorption, and  concludes  that  "  Prof.  Melde  ....  would  have 
observed  exactly  the  same  phenomena  if  he  had  put  his  two 
liquids  in  front  of  each  other  instead  of  mixing  them  to- 
gether." The  experiments  herein  described  were  undertaken 
to  find  out  whether  or  not  the  effect  observed  by  Melde  was 
due  to  the  cause  alleged  by  Dr.  Shuster;  they  appear  to 
prove  that  while  a  small  part  was  so  due,  the  bands  were 
shifted  principally  by  a  true  action  of  one  liquid  on  the  other. 

Melde's  method  consisted  simply  in  observing  the  spectra 
of  the  liquids  separately,  and  then  that  of  their  mixture.  He 
made  no  attempt  to  observe  that  of  one  liquid  in  front  of  the 
other.  The  method  of  the  writer  was  to  observe  the  spectrum 
obtained  by  passing  the  light  through  both  vessels,  and  then 
that  obtained  by  mixing  the  liquids  and  pouring  them  again 
into  the  same  vessels,  thus  securing  exactly  the  same  conditions 
except  that  of  mixture.  Common  test  tubes  were  first  used, 
but  an  irregularity  in  results  led  to  the  discovery  that  the 
spectrum  differed  according  as  one  liquid  or  the  other  was 
next  the  slit,  each  tube  acting  as  a  cylindrical   lens.     Cells 

*  Pogg.  Ann.,  cxxiv  and  cxxvi. 

f  British  Association  Report  on  Spectroscopy  for  1882. 
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Art.  XLIX. — Notes  on  Metallic  Spectra;    by  C.  C. 

HUTCHINS. 

In  the  work  herein  described  an  attempt  has  been  made  %^^; 
determine  the  wave-length  of  several  metallic  lines  with  wi» 
thing  of  the  precision  with  which  wave-lengths  of  solar 
are  known  and  tabulated. 

It  has  been  repeatedly  pointed  out  that  wave-lengths  of 
metallic  lines  from  the  determinations  of  the  best  observers  ait 
liable  to  errors  of  one  part  in  3000  or  4000 ;  while  Eowlind 
has  given  us  the  position  of  a  long  list  of  solar  lines  correct  tii 
one  part  in  500,000.  It  is  too  often  forgotten  that  Thalei 
used  a  single  bisulphide  of  carbon  prism  in  his  researches,  ai 
that  consequently,  his  places  can  in  no  sense  be  considered 
standards  of  precision  for  the  more  powerful  instniments  of 
the  present  time. 

Tlie  spectroscope  employed  in  the  present  work  has  a  large 
flat  grating  with  ruled  space  S'^"'  by  8*^".  Upon  the  maigin  d 
this  grating  Professor  Rowland  has  written  :  "  Definition 
exquisite."  The  collimator  and  view  telescope  are  combined 
in  a  single  lens,  an  excellent  objective  by  Wray,  six  inches  in 
diameter,  eight  and  a  half  feet  focus.  The  radius  of  curvature 
of  the  back  surface  of  this  lens  equals  its  focal  length,  so 
that  the  ray  reflected  from  this  surface  j^asses  back  to  the  >\\l 
and  any  objectionable  illumination  of  the  field  is  avoided 
All  parts  of  the  instrument  are  so  contrived  that  it  is  operated 
without  the  necessity  of  the  observer  leaving  his  seat  at  the 
eyepiece.  A  heliostat  and  achromatic  lens  of  live  feet  focus 
form  an  image  of  the  sun  upon  the  slit.  Thus  arranged  the 
instrument  easily  performs  all  tests  of  spectroscopic  excellence 
with  which  the  writer  is  familiar.  To  produce  the  metallic 
spectra  an  eight  inch  spark  condensed  bv  a  number  of  jars 
having  about  r>  s(|.  feet  of  coated  surface,  has  been  emploved 
The  spark  is  produced  immediately  before  the  slit,  the  jaws  of 
which  open  equally.  The  coil  is  operated  sometimes  by  a 
dynamo,  and  sometimes  by  the  current  from  a  storage  batterr. 
A  review  of  all  the  spark  spectrum  lines  has  teen  made  with 
the  arc,  and  a  few  lines  added  to  those  that  the  spark  ^ve, 
A  steam  jet*  was  employed  to  increase  the  luminosity  of  the 
spark.  The  work  has  been  contined  to  the  lower  portion  of 
the  spectrum,  where  it  still  appears  that  eye  observations  have 
advantages  of  the  photographs. 

The  position  oi  a  metallic  line  is  determined  by  bringing 
the  crosswire  of  the  micrometer  upon  it,  letting  in  the  sun- 
light, and  moving  the  crosswire  to*  one  of  the  standard  lines 

*  This  Journal,  Feb.,  1889. 
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of  Rowland's  tables.  The  true  wave-length  of  the  metallic 
line  can  then  be  computed  from  a  previously  determined  mi- 
crometer constant.  As  a  check  to  the  result  so  obtained  the 
metallic  line  has  been  interpolated,  with  the  micrometer,  be- 
tween two  of  the  standard  lines  in  the  same  field  of  view,  and 
the  whole  process  has  been  repeated  on  different  days  until  it 
became  assured  that  positions  of  the  metallic  lines  were  as  pre- 
cise as  those  of  the  standard  lines  themselves. 

Copper  Spectrum, 

The  snb joined  table  gives  the  results  as  obtained  for  the 
spectrum  of  copper.  The  first  two  columns  contain  respectivelv 
the  wave-lengths  and  intensities  as  given  by  Thalen ;  the  third, 
the  wave-lengths  as  determined  in  the  present  work. 

Copper  Spectrum, 


halen  X. 

Corrected  a. 

• 

Remarks. 

esTs-T 

2 

6380-899 

Surrounded  bj  continuous  spectrum.   Reversed  in  sun 

6218  3 

5 

No  line  seen. 

6781-3 

2 

6782-V86 

Reversed  in  arc.     Reversed  in  sun. 

6700-4 

I 

6700-442 

Reversed  in  arc.     Reversed  in  sun. 

5535-64 

Reversed  in  sun.    Seen  only  in  the  arc. 

5555-119 

Seen  only  in  the  arc. 

62920 

2 

5292  68 

Reversed  in  sun. 

6217-1 

1 

5218-308 

Reversed  in  arc.     Reversed  in  sun. 

6162-6 

1 

5153-345 

Reversed  in  arc.     Reversed  in  sun. 

5104-9 

1 

5105-663 

Reversed  in  sun. 

5011-4 

4 

No  line  seen. 

5616-86' 

Seen  only  in  the  arc.  *                          '                        , 

4965-5 

3 

No  line  seen. 

4932-5 

3 

4933-181 

Reversed  in  sun. 

Zinc  Spectrum. 

The  examination  of  the  zinc  spectrum  is  here  limited  to  five 
lines ;  many  of  the  remaining  lines  being  mere  dots  close  to 
the  poles  of  the  metal,  others  very  broad  and  nebulous,  and  in 
general  too  ill  defined  to  admit  of  measurement  with  the  ap- 
paratus employed.  In  strong  contrast  to  the  remaining  lines 
these  five  are  very  bright  and  sharp,  and  may  be  called  the 
representative  lines  of  the  metal  within  those  limits. 


Thalen  >.. 
6362-6 

5893-5 
48097 
4721-4 


2 
1 
1 


Corrected  /.. 

6362-566 
6204-708 
5894-454 
4810-671 
4722-306 


Ziric  Spectrum, 

Remarks. 

Reversed  in  sun. 

Faint  but  very  sharp.     Reversed  in  sun. 

Very  bright.     Reversed  in  sun. 
Very  bright.     Reversed  in  sun. 
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Remits  of  comparison  with  Solar  Spectrum,. — ^It  will  be 
seen  by  inspection  of  the  tabulated  results  that  nine  out  of 
the  eleven  lines  of  copper  are  reversed  in  the  sun,  and  four  of 
the  five  of  zinc.     The  conclusion  reached  in  each  of  the* 
cases  was  after  repeated   examination   when   the   conditions 
were  such  as  to  show  a  clear  space  between  the  components  of 
the  E   line.      The  latest  available  authority*   gives  copper 
among  the  doubtful  elements  in  a  list  of  those  found  in  the 
sun,  and  on  the  same  list  zinc  does  not  appear  at  all.    The 
present  investigation  makes  it  quite  prc>bable  that  zinc,  and 
almost  completely  demonstrates  that  copper  exists  in  the  solar 
atmosphere. 

Bowdoin  College,  March  14,  1889. 


Art.  L. — On  AUotropic  Forms  of  Silver ;    by  M.    Caret 

Lea,  Philadelphia. 

Silver  is  capable  of  existing  in  allotropic  forms  possessing 
qualities  differing  greatly  from  those  of  normal  silver.  There 
are  three  such  forms,  or  rather  three  modifications  of  one  form, 
differing  from  each  other  in  many  respects,  but  all  more  nearly 
related  to  each  other  than  any  one  oi  them  to  normal  silver. 
One  of  these  forms  is  soluble  in  water,  passing  readily  to  an 
insoluble  form,  and  this  last  may,  by  the  the  simple  presence 
of  a  neutral  substance  exercising  no  chemical  action  upon  it, 
recover  its  solubility.  Another  form  closely  resembles  gold  in 
color  and  lustre. 

Whether  metallic  silver  shall  be  reduced  from  its  compounds 
in  its  normal  or  in  an  allotro])ic  form,  depends  upon  the  reduc- 
ing agent  applied,  so  that  it  cannot  be  said  with  any  certainty 
whether  it  exists  in  its  compounds  in  its  ordinary  normal  form, 
or  in  an  allotroj)ic  condition:  the  latter  alternative  seems  at 
least  equally  probable. 

These  allotro])ic  forms  of  silver  are  broadly  distinguished 
from  normal  silver  by  color,  by  properties,  and  by  chemical  re- 
actions. They  not  imj)robably  represent  a  more  active  condi- 
tion of  silver,  of  which  common  or  normal  silver  may  ])e  a 
polymerized  form.  Something  analogous  has  already  been 
observed  with  other  metals,  lead  and  copper. 

Much  having  been  written,  especially  within  the  last  few 
years,  on  the  products  of  the  reduction  of  silver  compounds, 
a  brief  sunnnarv  of  what  has  appeared  may  be  desirable 
before  proceeding  further.  The  study  of  this  subject  has  led 
to    remarkal)le   divergencies   of   opinion  on    the  part   of  the 

*  Young's  Cienoral  Astronomy. 
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chemists  engaged  in  it  Almost  all  the  views  advanced  have 
been  successively  disproved  by  each  subsequent  publication. 
It  follows  that  what  has  obtained  a  place  in  the  text  books  is 
almost  wholly  incorrect. 

The  earliest  experimental  work  was  Faraday's,  but  his 
product  has  been  proved  to  be  a  mixture.*  The  next  was  the 
well  known  paper  of  Wiihler  published  in  1839.  It  is  not  nay 
purpose  here  to  enter  upon  a  criticism  of  this  memoir.  If 
this  illustrious  chemist  succeeded  in  obtaining  by  the  means 
employed  a  true  citrate  of  silver  hemioxide, — as  would  appear 
from  his  analyses — no  chemist  since  his  time  seems  to  nave 
done  so.  The  next  publication  to  Wohler's  was  that  of  Von 
Bibra,  who  used  Wonler's  method  and,  whilst  affirming  that  he 
obtained  a  similar  citrate,  found  an  entirely  different  constitu- 
tion for  the  corresponding  chloride.  For  instead  of  obtaining 
a  hemichloride  Ag,Cl,  he  gives,  as  the  result  of  15  concordant 
analyses,  the  constitution  of  his  product  as  Ag^Cl,.t  A  citrate, 
to  yield  such  a  chloride,  (if  such  a  chloride  exists,)  by  the 
simple  action  of  hydrochloric  acid,  could  scarcely  have  the  con- 
stitution assigned  to  it  by  both  Wdhler  and  V.  JBibra. 

In  1882,  Pillitz  published  two  papere.:}:  He  commences  by 
disputing  the  probability  of  the  existence  of  Ag^O  on  grounds 
of  valency ;  namely  as  implying  that  oxygen  may  be  quadri- 
valent. Although  it  is  very  doubtful  that  any  one  has  up  to 
the  present  time  obtained  Ag^O,  the  argument  seems  futile  as 
are  many  arguments  deduced  from  supix)sed  laws  of  valency. 
Similar  reasoning  would  make  Ag,CI  impossible,  which  sub- 
stance undoubtedly  exists,  and  it  would  also  deny  the  existence 
of  K^Cl  which  stands  upon  such  authority  as  that  of  Rose, 
Kirchhoff,  and  Bunsen.§  Pillitz  carefully  examined  the  so- 
called  hemioxide  precipitated  by  alkaline  solutions  of  antimony 
and  tin  and  could  find  no  trace  of  Ag^O  in  any  of  them.  He 
did  not  examine  Wohler's  products. 

The  first  person  to  deny  categorically  the  existence  of 
Wohler's  series  of  hemi-compounds  of  silver  appears  to  have 
been  Dr.  Spencer  Newbury.  In  two  interestina:  papers,!  he 
describes  a  repetition  of  Wohler's  methods  and  declares  it  to 
be  impossible  to  obtain  products  of  constant  composition.  The 
red  solution  taken  by  Wohler  to  be   argentous    citrate,    Dr. 

♦G.  H.  Bailey  and  G.  J.  Foster,  Chem.  Soc.  1887.  416.     Bericht  D.  Ch.  G.,  xx, 
Ref.  360. 

t  Krdmann.  J.  prakt  Chira.  1875.  120,  39.     Vod  Bibra  precedes  his  paper  with 
a  brief  summary  of  the  conclusions  reached  bv  previous  chemists  on  the  ^^'^JJ^*^^ 
otihe  action  of  light  and  chemical  reducing' a jrents  on  silver  compounds.     The 
coUection  is  interesting  as  showing  to  wliat  inconsisteui  and  even  contrary  opin- 
ions careful  observers  have  come  on  these  reactions. 
Zeitschrift  fur  Ann.  Chemie,  xxi,  p.  27.  p.  496. 
Gmelin  Kraut,  ii,  I,  72. 
Am.  Chem.  Jour,  vi,  407  ;  viii,  190. 
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Newbury  concludes  to  be  a  suspension  of  finely  divided  gilTcr. 
Muthmann*  after  a  careful  examination  of  Rautenbeig's  pro- 
ducts concludes  that  that  chemist  was  wholly  in  error  in  asBert- 
ing  the  formation  of  compounds  of  chromic,  molybdic  and 
tungstic  acids  with  silver  hemioxida  He  next  studies  the  red 
liquid  obtained  by  Wohler's  process  and  comes  to  the  same 
conclusion  as  Newbury,  that  it  consists  of  finely  divided  8il?« 
suspended  in  water. 

I  shall  not  dispute  the  correctness  of  this  opinion  in  the  case 
of  the  liquid  examined  by  these  two  chemists.  At  the  same 
time  I  cannot  accept  the  tests  of  solution  employed  by  Muth- 
mann.  That  a  substance  will  not  pass  througn  a  dialyser  shows 
that  it  is  colloidal  and  is  no  proof  whatever  that  it  is  not  in 
solution.  Animal  charcoal  taxes  up  many  substances  from  true 
solutions.  Decolorization  by  animal  charcoal  is  no  proof  what- 
ever that  the  color  removed  was  not  in  tnie  sointion.  By 
freezing,  the  molecular  condition  of  a  substance  may  be  changed 
Muthmann  found  that  when  the  red  liquid  was  mixed  with 
gum  water  and  precipitated  by  alcohol,  the  precipitated  gnin 
carried  down  with  it  the  red  substance,  thence  deducing  that 
it  was  only  in  suspension.  This  conclusion  is  scarcely  justified. 
A  solution  of  litmus  was  mixed  with  gum  water  and  precipi- 
tated with  alcohol :  the  mass  of  the  litmus  went  down  with  the 
gum,  a  trace  only  appeared  in  the  filtrate.  With  HoflFmann-p 
violet,  the  same  result.  Yet  no  one,  1  think,  will  assert  that 
these  two  substances  do  not  make  true  solutions  in  water. 
Even  however,  if  these  arguments  could  be  admitted  tliev 
would  not  apply  to  the  solutions  pr^ntly  to  be  described, 
which  can  be  proved  by  optical  means  to  be  true  solutions.  1 
propose  presently  to  show  that  silver  may  exist  in  a  perfectly 
soluble  form,  dissolving  easily  and  abundantly  in  water.  Start- 
ing from  this,  it  may  show  all  degrees  of  solubility  down  to 
absolute  insolubility,  still  however,  existing  in  an  allotropic 
form  and  quite  distinct  from  normal  or  ordinary  silver.  The 
solutions  formed  are  as  perfect  as  those  of  any  other  soluble 
substance. 

Wohlers  process  was  next  repeated  by  G.  H.  Bailey  and  G. 
J.  Foster,  who  came  to  the  conclusion  that  no  citrate  of  hemi- 
oxide  was  formed,  and  that  Wohlers  results  must  be  rejected. 

Von  der  Pfordten-f  endeavored  to  obtain  hemi-compounds  of 
silver  bv  actiucr  on  the  nitrate  with  an  alkaline  solution  of 
sodium  tartrate,  and  also  with  phosphorous  acid.  His  deter- 
minations were  made  volumetrically,  based  on  an  opinion  that 
a  pennanfiranate  solution  acidified  with  sulphuric  acid  would 
dissolve  silver  hemioxide,  but  not  metallic  silver.     Previouslv 

» 

to  receiving  his  paper  I  had  found  that  sulphuric  acid,  even 

♦Bericht  der  D.  Ch.  Ges.,  ii.  9S3.  f  I^id.,  xx,  1458. 
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diluted  with  ten  times  its  bulk  of  water,  was  capable  of  acting  on 
finely  divided  normal  silver  and  of  dissolving  an  easily  recog- 
ni2ea  quantity.  V.  d.  Pfordten's  conclusions  were  thus  vitiated 
entirely.  It  should  however  be  remarked  that  the  difficulties 
of  the  subject  are  extremely  great.  In  his  last  paper*  this 
chemist  abandons  his  views  as  to  the  existence  of  silver  hemi- 
oxide  ;  so  that  at  the  present  time  the  formation  of  Ag^O  by 
Wohler's  method,  or  by  any  other  known  metnod,  is  admitted 
by  no  one.  That  such  an  oxide  may  exist  appears  by  no  means 
improbable.  The  existence  of  Ag^Cl  and  K,C1  seems  almost 
to  involve  that  of  Ag^O  and  K^O.  This  latter  product  Davy 
believed  that  he  had  obtained.  The  black  substance  which  V. 
d.  Pfordten  formerly  regarded  as  Ag^O  he  now  takes  to  be 
silver  hydrate  Ag^ll,0. 

The  reduction  products  described  by  V.  d.  Pfordten  are 
strongly  distinguished  from  those  which  I  shall  presently 
describe  by  two  decisive  reactions : — 

1.  None  of  his  products  could  be  amalgamated  with  mercury 
(1.  c,  2296).     All  of  mine  readily  amalgamate. 

2.  None  of  my  products  give  off  the  slightest  trace  of  gas  when 
treated  with  dilute  sulphuric  acid.     All  of  his  do  so.    (1.  c,  2291.) 

Moreover,  the  difference  of  appearance  is  extremely  great. 

Early  in  the  year  1886,  I  took  up  the  study  of  the  reduction 
products  of  silver  in  connection  with  that  of  the  photosalts.  I 
commenced  with  Wohler's  process,  giving  it  up  after  a  few 
trials  as  affording  no  satisfactory  results,  and  sought  for  a  more 
reliable  means.  This  I  found,  in  March  1886,  in  a  reaction 
which  I  still  use;  namely  the  reduction  of  silver  citrate  by  fer- 
rous citrate.  At  first,  however,  the  results  obtained  were  most 
enigmatical,  the  products  very  unstable,  and  impossible  to 
punfy.  Much  time  was  lost  and  the  matter  was  given  up  more 
than  once  as  impracticable.  Eventually,  by  great  modifications 
in  the  proportions,  stable  products,  and  capable  of  a  fair  amount 
of  purification  were  got.  Even  the  earlier  and  less  pure  forms 
were  exceedingly  beautiful ;  the  purer  are  hardly  surpassed  by 
any  known  chemical  products. 

The  forms  of  allotropic  silver  which  I  have  obtained  may  be 
classified  as  follows : — 

A.  Soluble,  deep  red  in  solution,  mat  lilac,  blue,  or  green  whilst 
moist,  brilliant  bluish  green  metallic  when  dry. 

B.  Insoluble,  derived  from  A,  dark  reddish  brown  while  moist, 
when  dry  somewhat  resembling  A. 

C.  Gold  silver,  dark  bronze  whilst  wet,  when  dry  exactly 
resembling  metallic  gold  in  burnished  lumps.     Of  this  form  there 

*  Ber.  D.  Ch.  Ges.,  xx,  2288. 
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is  a  variety  which  is  copper-colored.     Insoluble  in  water,  appears 
to  have  no  corresponding  soluble  form. 

Properties  possessed  by  all  the  varieties  in  common  and  distin- 
guishing them  all  from  normal  silver. 

All  these  forms  have  several  remarkable  properties  in  com- 
mon. 

1.  That  of  drying  with  their  particles  in  optical  cantad^ 
and  consequently^  forming  a  continuous  film,, — If  either  Ls 
taken  in  a  pasty  condition  and  is  spread  evenly  over  paper 
with  a  fine  brush,  it  takes  on  spontaneously  in  drying  a  luster 
as  high  as  that  of  metallic  leaf.  C  when  so  treated  would  be 
taken  for  gold  leaf.  But  this  property  is  much  better  seen  by 
brushing  the  pasty  substance  over  glass.  When  dry,  an  abso- 
lutely perfect  mirror  is  obtained.  The  particles  next  the  glass, 
seen  through  the  glass,  are  as  perfectly  continuous  as  those  of 
a  mercurial  amalgam,  and  the  mirror  is  as  good.  A  and  B 
form  bluish  green  mirrors,  C,  gold  or  copper-colored  mirrors. 

2.  The  halogen  reaction, —  When  any  of  these  allotropic 
forms  of  silver  are  brushed  over  paper  and  the  resulting  metal- 
lic films  are  exposed  to  the  action  of  any  haloid  in  solution, 
very  beautiful  colorations  are  obtained.  The  experiment  suc- 
ceeds best  with  substances  that  easily  give  up  the  halogen,  such 
as  sodium  hypochlorite,  ferric  chloride,  iodine  dissolved  in 
potassium  iodide,  etc.  But  indications  are  also  obtained  with 
alkaline  salts  such  as  ammonium  chloride  eta,  though  more 
slowly  and  less  brilliantly.  With  sodium  hypochlorite  the 
colors  are  often  magnificent,  intense  shades  with  metallic  reflec- 
tions, reminding  one  of  the  colors  of  a  peacock's  tail.  Blue  is 
the  predominating  tint.  These  are  interference  colors,  caused 
by  thin  fihiiS,  but  whether  of  a  normal  silver  haloid  or  a  hemi- 
salt,  cannot  be  said.  When  silver  leaf  (normal  silver)  is  fastened 
to  j)aper  and  a  comparative  trial  is  made,  the  contrast  is  very 
striking. — This  matter  will  be  more  particularly  examined  in 
the  2d  part  of  this  paper,  and  is  mentioned  here  as  one  of  the 
reactions  distinguishing  allotropic  from  ordinary  silver. 

3.  The  action  of  acids, — The  stronger  acids,  even  when 
much  diluted,  instantly  convei-t  the  allotropic  forms  of  silver 
into  normal  gray  silver;  even  acetic  acid,  not  too  much  diluted, 
does  this.  It  is  important  to  remark  that  this  change  takes 
place  absolutely  without  tlie  separation  of  gas.  I  have  more 
than  once  watched  the  whole  operation  with  a  lens  and  have 
never  seen  the  minutest  bubble  escape. 

4.  Physical  condition, — All  these  allotropic  forms  of  silver 
are  easily  reduced  to  an  impalpable  i)owder.  One  is  surprised 
to  see  what  is  apparently  solid  burnished  metal  break  easily  to 
pieces  and  by  moderate  trituration  yield  a  fine  powder. 
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A.  Soluble  Allotropic   Silver, 

A  solution  of  ferrous  citrate  added  to  one  of  a  silver  salt 
produces  instantly  a  deep  red  liquid.  (Ferrous  tartrate  gives 
the  same  reaction  but  is  less  advantageous.)  These  red  solu- 
tions may  either  exhibit  tolerable  permanency  or  may  decolor- 
ize, letting  fall  a  black  precipitate.  It  is  not  necessary  to 
prepare  the  ferrous  salt  in  an  isolated  form,  a  mixture  oi  fer- 
rous sulphate  and  sodic  citrate  answers  perfectly. 

When,  however,  concentrated  solutions  are  used  with  a  large 
excess  of  ferrous  sulphate  and  a  still  larger  one  of  alkaline 
citrate,  the  liquid  turns  almost  completely  black.  It  should  be 
stirred  very  thoroughly  for  several  minutes,  to  make  sure  that 
the  whole  of  the  precipitated  silver  citrate  is  acted  upon  by 
the  iron.  After  standing  for  ten  or  fifteen  minutes,  the  liquid 
may  be  decanted  and  will  leave  a  large  quantity  of  a  heavy  pre- 
cipitate of  a  fine  lilac-blue  color.  It  is  best  to  adhere  closely 
to  certain  proportions.  Of  a  ten  per  cent  solution  of  silver 
nitrate,  200  c.  c.  may  be  placed  in  a  precipitating  jar.  In 
another  vessel  are  mixed  200  c.  c.  of  a  thirty  per  cent  solution 
of  pure  ferrous  sulphate  and  280  c.  c.  of  a  forty  per  cent  solu- 
tion of  sodic  citrate.  (The  same  quantity  of  ferrous  sulphate 
or  of  sodic  citrate  in  a  larger  quantity  of  water  will  occasion 
much  loss  of  the  silver  product.)  I  think  some  advantage  is 
gained  by  neutralizing  the  ferrous  solution,  which  has  a  strong 
acid  reaction,  with  solution  of  sodium  hydroxide :  as  much 
may  be  added  as  will  not  cause  a  permanent  precipitate.  To 
the  quantities  already  given,  about  50  c.  c.  of  10  per  cent  soda 
solutKm.  The  reaction  takes  place  equally  well  without  the 
soda,  but  I  think  the  product  is  a  little  more  stable  with  it. — 
The  mixed  solution  is  to  be  added  at  once  to  the  silver  solution. 

The  beautiful  lilac  shade  of  the  precipitate  is  rather  ephem- 
eral. It  remains  for  some  time  if  the  precipitate  is  left  under 
the  mother  water,  but  when  thrown  upon  a  filter,  it  is  scarcely 
nncovered  before  the  lilac  shade  disappears  and  the  precipi- 
tate takes  a  deep  blue  color,  without  losing  its  solubility.  It 
may  be  washed  either  on  a  filter  or  by  decantation,  witli  any 
saline  solution  in  which  it  is  insoluble  and  which  does  not  affect 
it  too  much.  On  the  whole,  ammonic  nitrate  does  best,  but 
sodic  nitrate,  citrate,  or  sulphate  may  be  used,  or  the  correspond- 
ing ammonia  salts.  Although  in  pure  water  the  precipitate 
instantly  dissolves  with  an  intense  blood  red  color,  the  presence 
of  five  or  ten  per  cent  of  any  of  these  salts  renders  it  perfectly 
insoluble.  I  have  usually  proceeded  by  adding  to  the  precipi- 
tate (after  decanting  the  mother  water  as  completely  as  may  be 
and  removing  as  much  more  as  possible  with  a  pipette),  a 
moderate  amount  of  water;  for  the  above  quantities  about  150 
c.  c.     Much  less  would   dissolve  the  precipitate  but  for  the 
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salts  present :  this  mm^^h  will  diseolTe  the  greater  part  bat  ta\ 
the  whole,  which  is  not  neceasuT.  A  httle  of  a  sitiiiatoi 
solotion  of  amnionic  nitrate  is  to  be  added,  just  enough  to  fSsA] 
complete  precipitation. 

As  the  material  appears  eontinnallT  to  change,  the  am(Hiot 
of  washing  needed  mnst  depend  opon  the  object  in  view.  If 
wanted  for  analysis,  the  washing  mnst  be  repeated  many  tinM 
nntil  ferric  salt  ceases  to  come  away,  bat  no  amount  of  washiog 
will  entirely  eliminate  it.  After  seren  or  eight  solutions  in 
pure  water  and  as  many  precipitations,  the  material  is  to  be 
thrown  on  a  filter,  the  liquid  forced  ont  as  completely  as  pos- 
sible with  a  pomp  and  then  the  ammonic  nitrate  washed  out 
with  95  per  cent  alcohol  until  the  filtrate  leaves  nothing  on 
eyaporation.  The  substance  at  this  point  is  still  soluble  in 
water,  though  much  less  so  than  at  first  During  the  washiM 
the  solubility  slowly  but  steadily  diminishes,  a  fact  render^ 
noticeable  by  less  and  less  ammonic  nitrate  being  needed  to 
precipitate  it  from  its  solution. 

Analysis. — The  product  after  thorough  washing  as  above 
described  with  alcohol,  was  dried  at  ordinary  temperatures  or 
a  little  above,  and  was  then  reduced  to  very  fine  powder  and 
washed  again  with  water  as  long  as  anything  dissolved.  It 
was  then  dried  at  100^  C.  in  water  batL  Three  silver  deter- 
minations were  made. 

Al 97*31  per  cent  silver. 

A2 9718       "  " 

B 97-21       "  " 

Al  and  A2  were  made  with  different  portions  of  the  same 
material,  B  with  different  material  prepared  in  exactly  the 
same  way. 

The  substance  therefore  contained  on  an  average  97'27  per 
cent  of  silver.  The  nature  of  the  residue  would  decide 
whether  the  material  was  silver  with  a  certain  amount  of 
impurity  firmly  attached  to  it,  or  whether  we  had  to  do  with 
silver  in  chemical  combination  with  other  elements. 

The  filtrate  from  the  silver  chloride  in  analysis  A2  was 
evaporated  to  dryness  and  was  found  to  contain  chiefly  iron 
and  citric  acid.  The  iron  was  thrown  down  as  sulphide,  redif^- 
solved  in  nitric  acid,  precipitated  hot,  washed  with  boiling 
water  and  gave  0*8947.  The  residue  therefore  consisted  oi 
ferric  oxide  and  citric  acid,  probably  in  the  form  of  ferric 
citrate  and  attached  so  strongly  that  even  the  very  careful  and 
])rolonged  washing  given  failed  to  remove  them.  Stronger 
means  would  be  required  than  could  be  used  without  altering 
the  condition  of  the  substance.  The  conclusion  therefore 
seemed  to  be  justified  that  the  material  consisted  of  imcom- 
bined  silver  simply  mixed  with  impurity. 
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A.  Soluble  AUotropic   Silver, 

A  solution  of  ferrous  citrate  added  to  one  of  a  silver  salt 
produces  instantly  a  deep  red  liquid.  (Ferrous  tartrate  gives 
the  same  reaction  but  is  less  advantageous.)  These  red  solu- 
tions may  either  exhibit  tolerable  permanency  or  may  decolor- 
ize, letting  fall  a  black  precipitate.  It  is  not  necessary  to 
prepare  the  ferrous  salt  in  an  isolated  form,  a  mixture  of  fer- 
rous sulphate  and  sodic  citrate  answers  perfectly. 

When,  however,  concentrated  solutions  are  used  with  a  large 
excess  of  ferrous  sulphate  and  a  still  larger  one  of  alkaline 
citrate,  the  liquid  turns  almost  completely  black.  It  should  be 
stirred  very  thoroughly  for  several  minutes,  to  make  sure  that 
the  whole  of  the  precipitated  silver  citrate  is  acted  upon  by 
the  iron.  After  standing  for  ten  or  fifteen  minutes,  the  liquid 
may  be  decanted  and  will  leave  a  large  quantity  of  a  heavy  pre- 
cipitate of  a  fine  lilac-blue  color.  It  is  best  to  adhere  closely 
to  certain  proportions.  Of  a  ten  per  cent  solution  of  silver 
nitrate,  200  c.  c.  may  be  placed  in  a  precipitating  jar.  In 
another  vessel  are  mixed  200  c.  c.  of  a  thirty  per  cent  solution 
of  pure  ferrous  sulphate  and  280  c.  c.  of  a  forty  per  cent  solu- 
tion of  sodic  citrate.  (The  same  quantity  of  ferrous  sulphate 
or  of  sodic  citrate  in  a  larger  quantity  of  water  will  occasion 
much  loss  of  the  silver  product.)  I  think  some  advantage  is 
gained  by  neutralizing  the  ferrous  solution,  which  has  a  strong 
acid  reaction,  with  solution  of  sodium  hydroxide :  as  mucn 
may  be  added  as  will  not  cause  a  permanent  precipitate.  To 
the  quantities  already  given,  about  50  c.  c.  of  10  per  cent  soda 
solution.  The  reaction  takes  place  equally  well  without  the 
soda,  but  1  think  the  product  is  a  little  more  stable  with  it. — 
The  mixed  solution  is  to  be  added  at  once  to  the  silver  solution. 

The  beautiful  lilac  shade  of  the  precipitate  is  rather  ephem- 
eral. It  remains  for  some  time  if  the  precipitate  is  left  under 
the  mother  water,  but  when  thrown  upon  a  filter,  it  is  scarcely 
nncovered  before  the  lilac  shade  disappears  and  the  precipi- 
tate takes  a  deep  blue  color,  without  losing  its  solubility.  It 
may  be  washed  either  on  a  filter  or  by  decantation,  with  any 
saline  solution  in  which  it  is  insoluble  and  which  does  not  affect 
it  too  much.  On  the  whole,  ammonic  nitrate  does  best,  but 
sodic  nitrate,  citrate,  or  sulphate  may  be  used,  or  the  correspond- 
ing ammonia  salts.  Although  in  pure  water  the  precipitate 
instantly  dissolves  with  an  intense  blood  red  color,  the  presence 
of  five  or  ten  per  cent  of  any  of  these  salts  rendei-s  it  perfectly 
insoluble.  I  have  usually  proceeded  by  adding  to  the  precipi- 
tate (after  decanting  the  mother  water  as  completely  as  may  be 
and  removing  as  much  more  as  possible  with  a  pipette),  a 
moderate  amount  of  water;  for  the  above  quantities  about  150 
c.  c.     Much  less  would   dissolve  the  precipitate  but  for  the 
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to  determine  the  ratio  between  the  silver  on  the  one  hand  and 
the  citric  acid  on  the  other,  either  excluding  from  the  dete- 
mination,  or  else  removing,  that  portion  of   the  citric  acid 
which  was  combined  with  sodium  (sodic  citrate  being  used  in 
excess)  or  with  iron.     The  first  attempt  was  to  exclude  with- 
out removing  it,  by  using  Wolcott  Gibbs's  ingenious  method  of 
precipitating  the  base  by  hydrogen  sulphide,  and  determining 
the  acid  thus  set  free  in  a  solution  originally  neutral.     It  was 
ascertained  by  careful  experiment  on  weighed  quantities  of 
pure  anhydrous  citric  acid,  that  exact  titration  could  be  made 
with  the  aid  of  phenolphthalein.     The  silver  was  next  rediB- 
solved  and  estimated  as  chloride.     A  large  number  of  deter- 
minations were  made,  but  the  method  proved  unsatisfactory. 
It  was  found  that  portions  of  the  same  material  operated  upon 
separately  gave  different  (even  widely  different)  results.    In 
fact,  this  very  discordance  was  in  itself  a  proof  that  no  stoechio- 
metrical  combination  existed  between  the  silver  and  the  citric 
acid. 

The  importance  of  the  matter  led  me  to  take  it  up  again 
with  different  means,  estimating  the  citric  acid  by  (Jreuses 
method.  In  this  method  the  solution,  after  being  reduced  to  a 
small  bulk,  is  exactly  neutralized  (with  ammonia  or  acetic  acid), 
is  treated  with  a  slight  excess  of  barium  acetate  and  then 
mixed  with  twice  its  bulk  of  95  per  cent  alcohol,  let  stand  a 
day  and  filtered  and  washed  with  65  per  cent  alcohol.  In 
igniting,  a  few  drops  of  sulphuric  acid  convert  the  barium  salt 
into  sulphate  in  which  form  the  estimation  is  made.  A  pre- 
liminary trial  with  a  weighed  quantity  of  citric  acid  showed  that 
this  method  gave  fairly  good  results.  I  was  obliged  to  varv 
the  method  somewhat :  the  precipitate  of  barium  citrate  carried 
down  with  it  enough  iron  to  render  it  ochrey  in  appearance. 
It  was,  therefore,  after  thorough  washing  with  65  per  cent 
alcohol  till  every  trace  of  barium  acetate  was  removed,  dis- 
solved on  the  filter  with  dilute  hydrochloric  acid  (acid  1,  water 
10)  in  which  barium  citrate  is  extremely  soluble  and  washed 
through.  This  was  followed  by  still  weaker  acid  and  finally 
with  water.  From  the  filtrate,  sulphuric  acid  precipitated 
snow-white  barium  sulphate. 

But  this  method  requires  that  both  the  sulphates  and  the 
excess  of  sodic  and  ferric  citrate  shall  first  have  been  perfectly 
removed.  The  blue  precipitate  was  therefore  washed  vritL 
dilute  solution  of  amnionic  nitrate  until  this  was  effected.  The 
necessity  for  this  purification  was  regrettable  as  introducing  a 
possibility  of  a  change  during  the  treatment.  It  was,  however, 
indispensable  that  the  ferrous,  ferric  and  sodic  citrates  present 
should  be  got  rid  of.  The  material  after  this  treatment  was 
still  freely  soluble  in  water,  to  a  dark-red  solution.     An  ex- 
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amination  of  its  absorption  spectrum  showed  it  to  be  still  a 
true  solution.  From  this  solution  the  silver  was  first  removed 
by  H,S  and  then  the  citric  acid  was  determined  in  the  above 
described  way.  (If  the  silver  were  thrown  down  by  hydro- 
chloric acid,  the  reliability  of  the  citric  determination  would 
be  impaired.)  Next,  the  silver  sulphide  was  converted  into 
chloride  and  weighed.     The  result  gave  the  ratio 

1  gram  silver  to  '03 196  gram  citric  acid. 

In  this  case  washing  out  the  sulphates,  etc.,  was  an  affair  of 
several  days.  The  work  was  repeated,  reducing  the  time  as 
much  as  possible.  The  material  was  precipitated,  decanted  as 
soon  as  settled,  thrown  upon  a  filter  pump  and  the  funnel  kept 
constantly  full  of  ammonic  nitrate  in  dilute  solution  by  a  wash 
bottle.  By  using  very  thick  paper  and  a  powerful  pressure 
the  entire  washing  was  rapidly  finished  so  that  in  about  six 
hours  from  first  precipitation  the  material  was  thoroughly 
washed,  redissolved  and  again  filtered  and  placed  under  the 
action  of  HjS.     The  result  was 

1  gram  silver  to  0130  citric  acid. 

When  these  relations  are  reduced  from  weights  to  equiva- 
lents, they  become : 

No.  1,  1  equiv.  citric  acid  to   65-63  equivs.  silver. 
No.  2,  1  **  "     193-7  " 

indicating  both  that  the  proportion  of  citric  acid  present  is 
variable  and  that  it  is  certainly  not  in  stoichiometrical  combi- 
nation with  the  silver  in  the  substance  examined. 

It  has  been  already  said  that  these  solutions  before  being 
acted  upon  by  H,S  were  examined  optically  and  found  to  be 
true  solutions.  The  inference  therefore  seems  to  be  very 
strong  that  there  exists  an  allotropic  form  of  silver  freely 
soluble  in  water.  This  is  a  property  so  exceptional  in  a  metal 
that  I  have  admitted  it  with  much  hesitation.  The  principal 
arguments  are  as  follows  : 

The  content  of  silver  in  the  various  products  was  very  care- 
fully, and  I  believe  I  may  say  quite  accurately,  determined :  it 
was  extremely  high,  always  above  97  per  cent.  As  already 
remarked,  this  virtually  excludes  the  presence  of  all  elements 
except  hydrogen  and  possibly  oxygen.  These  elements  were 
cai-efully  searched  for,  but  their  presence  could  not  be  detected. 
To  suppose  that  we  had  to  do  with  a  mixture  in  which  some 
compound  of  silver  was  mixed  with  metallic  silver  was  not 
possible,  for  as  the  whole  was  soluble  we  should  still  have  to 
admit  the  solubility  of  silver. 

We  have  consequently  to  deal  with  a  substance  containing 
over  97  per  cent  of  silver,  and  neither  hydrogen  nor  oxygen  in 
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combination  with  it,  the  remaining  2  or  3  per  cent  fuUj 
accounted  for  by  ferric  oxide  and  citric  acid  determined  » 
present  as  accidental  impurity;  the  substance  itself  readilj 
amalgamating  with  mercury  by  simple  friction,  nevertheless 
abundantly  soluble  in  water.  If  I  had  been  able  to  find  any 
other  explanation  for  these  facts  without  admitting  the  solu- 
bility of  silver,  I  should  have  adopted  it.  But  none  presented 
itself. 

Whether  in  solution  it  exists  as  a  hydrate,  that  is,  in  more 
intimate  combination  with  one  or  more  equivalents  of  water, 
cannot  be  said  with  entire  certainty ;  but  the  easy  amalgama- 
tion with  mercury  seems  hardly  to  favor  that  view.  Ko  means 
could  be  found  for  settling  the  question  absolutely.  Certainly 
at  100°  C.  all  water  is  expelled,  but  this  is  of  course  not  an 
argument.  All  the  water  is  not  expelled  by  indefinite  expo- 
sure to  a  vacuum  over  sulphuric  acid.  But  tne  proportion  left 
is  very  small. 

The  material  examined  was  in  all  cases  as  nearly  as  possible 
the  same  as  that  originally  precipitated,  but  absolute  identity 
could  not  be  obtained.  The  purification  absolutely  necessair 
effects  some  change.  This  is  shown  by  the  color.  The  freshly 
precipitated  material  dissolves  to  a  blood  red  liquid,  by  great 
dilution  yellowish  red.  The  purified  substance  gives  a  darker 
red  solution,  which  with  dilution  remains  still  red.  Of  the 
nature  of  the  substances  in  the  condition  in  which  they  were 
analyzed,  I  can  speak  with  some  positiveness,  and  these  include 
a  substance  soluble  in  water  and  nevertheless  appearing  to  be 
nearly  pure  silver. 

The  constitution  of  the  lilac  blue  substance  at  the  moment 
of  formation  and  whilst  still  under  its  mother  water  is  a  matter 
of  more  difficulty ;  it  could  not  be  said  with  certainty  that  it 
was  not  in  some  way  altered  in  the  purification.  Much  time 
and  labor  were  spent  in  endeavoring  to  settle  this  point,  with- 
out entirely  satisfactory  results,  and  I  am  at  present  engaged 
in  the  search  for  a  better  method. 

When  this  blue  soluble  substance,  purified  either  by  washing? 
very  moderately  by  ammonium  nitrate,  or  by  washing  with 
pure  water,  using  those  portions  which  remain  undissolved 
after  most  has  been  carried  through  the  filter,  is  brushed  over 
paper  and  dries  rapidly,  it  exhibits  a  very  beautiful  succession 
of  colors.  At  the  moment  of  applying  it  appears  blood  red ; 
when  half  dry  it  has  a  splendid  blue  color  with  a  lustrous 
metallic  reflection  ;  when  quite  dry  this  metallic  effect  disap 
pears  and  the  color  is  mat  blue.  Examined  with  a  polarizer 
It  shows  the  same  characters  as  to  two  reflected  beams  of  light 
polarized  in  planes  perpendicular  to  each  other  that  are 
described  further  on  under  B. 
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amination  of  its  absorption  spectrum  showed  it  to  be  still  a 
true  solution.  From  this  solution  the  silver  was  first  removed 
by  H,S  and  then  the  citric  acid  was  determined  in  the  above 
described  way.  (If  the  silver  were  thrown  down  by  hydro- 
chloric acid,  the  reliability  of  the  citric  determination  would 
be  impaired.)  Next,  the  silver  sulphide  was  converted  into 
cbloriae  and  weighed.     The  result  gave  the  ratio 

1  gram  silver  to  •03196  gram  citric  acid. 

In  this  case  wasliing  out  the  sulphates,  etc.,  was  an  affair  of 
several  days.  The  work  was  repeated,  reducing  the  time  as 
much  as  possible.  The  material  was  precipitated,  decanted  as 
soon  as  settled,  thrown  upon  a  filter  pump  and  the  funnel  kept 
constantly  full  of  ammonic  nitrate  in  dilute  solution  by  a  wash 
bottle.  By  using  very  thick  paper  and  a  powerful  pressure 
the  entire  washing  was  rapidly  finished  so  that  in  about  six 
hoars  from  first  precipitation  the  material  was  thoroughly 
washed,  redissolved  and  again  filtered  and  placed  under  the 
action  of  H,S.     The  result  was 

1  gram  silver  to  -0130  citric  acid. 

When  these  relations  are  reduced  from  weights  to  equiva- 
lents, they  become : 

No.  1,  1  equiv.  citric  acid  to   65*63  equivs.  silver. 
No.  2,  1  **  "     193-7  '' 

indicating  both  that  the  proportion  of  citric  acid  present  is 
variable  and  that  it  is  certainly  not  in  stoichiometrical  combi- 
nation with  the  silver  in  the  substance  examined. 

It  has  been  already  said  that  these  solutions  before  being 
acted  upon  by  H.S  were  examined  optically  and  found  to  be 
true  solutions.  The  inference  therefore  seems  to  be  very 
strong  that  there  exists  an  allotropic  form  of  silver  freely 
soluble  in  water.  This  is  a  property  so  exceptional  in  a  metal 
that  I  have  admitted  it  with  much  hesitation.  The  principal 
arguments  are  as  follows  : 

The  content  of  silver  in  the  various  products  was  very  care- 
fully, and  I  believe  I  may  say  quite  accurately,  determined :  it 
was  extremely  high,  always  above  97  per  cent.  As  already 
remarked,  this  virtually  excludes  the  presence  of  all  elements 
except  hydrogen  and  possibly  oxygen.  These  elements  were 
carerully  searched  for,  but  their  presence  could  not  be  detected. 
To  suppose  that  we  had  to  do  with  a  mixture  in  which  some 
compound  of  silver  was  mixed  with  metallic  silver  was  not 
possible,  for  as  the  whole  was  soluble  we  should  still  have  to 
admit  the  solubility  of  silver. 

We  have  consequently  to  deal  with  a  substance  containing 
over  97  per  cent  of  silver,  and  neither  hydrogen  nor  oxygen  in 
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Sometimes  the  substance  will  spontaneously  pass  into  t  lb 
soluble  form.  A  specimen,  rendered  insoluble  by  precipitatkik 
with  ferrous  sulphate,  after  much  washing  began  to  mwi. 
through,  not  only  as  a  suspension,  which  often  happens,  bnta 
a  solution,  clearing  itself,  after  a  day  or  iwo,  of  insoluble  ]» 
tions  and  furnishmg  a  rose-red  solution.  I  have  kept  dm 
solution  in  a  corked  vial  for  eight  months,  during  whien  time 
it  has  remained  unchanged. 

The  general  properties  of  this  substance  can  be  uiuch  better 
observed  in  the  thin  films  obtained  by  brushing  the  moii 
substance  over  paper  than  in  the  lumps.  The  films  thv 
obtained  are  bright  greenish  metallic,  and  this  green  evidendj 
results  from  a  mixture  of  blue  and  yellow,  as  in  some  lightt 
the  blue,  in  others  the  yellow,  is  most  evident.  When  tEoe 
films  are  examined  by  light  reflected  from  them  at  a  laige 
incidence  with  the  normal  and  a  Nicol's  prism  or  an  achromi- 
tized  prism  of  calc-spar  is  interposed  between  the  film  and  the 
eye,  it  becomes  at  once  apparent  that  the  blue  and  yellow  light 
are  oppositely  polarized.  The  yellow  light  is  polarized  in  the 
plane  of  incidence,  the  blue  light  perpendicularly  to  that  plane 
All  specimens  show  the  yellow  liffht,  but  the  quantity  oi  blue 
light  is  very  variable  and  is  directly  connected  with  the  amouiit 
01  washing  applied  to  the  precipitate.  The  more  it  is  washed 
the  more  the  yellow  predominates.  To  see  the  blue  form  in 
its  full  beauty,  a  little  of  the  red  solution  may  be  precipitated 
with  a  very  little  magnesium  or  aluminium  sulphate  and  be 
thrown  on  a  filter.  As  soon  as  the  liquid  has  drained  off  and 
without  any  washing,  the  deep  bronze-colored  substance  is  to 
be  brushed  over  paper.  On  drying  it  has  all  the  appearance 
of  a  bright  blue  metal  with  a  remarkable  luster.  The  mirroi^ 
obtained  by  brushing  the  substance  over  glass  are  so  beautiful 
and  so  perfect  that  it  seems  as  if  this  property  might  have 
useful  applications,  especially  for  silvering  irregular  surfaces 
Much  care,  however,  would  be  necessary  in  the  preparation  to 
obtain  a  ])ermanent  product. 

Crystallizatlo7i. — On  one  occasion  this  substance  was  obtained 
in  a  crystalline  form.  Some  crude  red  solution  had  been  set 
aside  in  a  corked  vial.  Some  weeks  after,  it  was  noticed  that 
the  solution  had  l)ecome  decolorized,  with  a  crystalline  deposit 
at  bottom.  The  bottle  was  carefully  broken;  the  deposit, 
examined  by  a  lens,  consisted  of  short  black  needles  and  thin 
prisms.  Evidently  the  saline  matters  present  had  balanced  the 
silver  in  solution  so  nearly  as  not  to  cause  an  immediate  pre- 
cipitation, but  a  verv  gradual  one  only.  The  mother  water  was 
drained  off  and  a  few  drops  of  pure  water  were  added.  No 
solution  took  place,  the  crvstals  were  therefore  of  the  material 
B,  the  insoluble  form.     The  contact  of  pure  water  instantlj 
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destroyed  the  crystallization  and  the  substance  dried  witli  a 
bright  green  metallic  luster.  Contact  with  pure  water  evi- 
dently tends  always  to  bring  this  form  of  silver  into  the  col- 
loidal state,  sometimes  soluble  and  sometimes  not ;  whilst  the 
contact  with  certain  neutral  salts  renders  it  crystalline. 

The  extraordinary  sensitiveness  which  allotropic  silver  shows 
to  external  influences  contrasts  strongly  with  the  inertness  of 
normal  (probably  polymeric)  metallic  silver.  When  we  place 
this  fact  alongside  of  the  well  known  sensitiveness  of  many 
silver  compounds  to  light,  heat  and  (as  I  have  elsewhoro 
shown)  to  mechanical  force,*  we  are  led  to  ask  whether  silver 
may  not  exist  in  this  form  in  these  very  sensitive  compounds. 

To  obtain  the  substance  in  a  pure  condition  suitable  for 
analysis,  it  is  necessary  to  choose  a  precipitant  not  giving  an 
insoluble  product  with  either  citric  or  sulphuric  acid.  Magne- 
sium sulphate  or  nickel  sulphate  answers  well ;  I  have  gonurnlly 
used  the  first  named  A  very  dilute  solution  is  made  of  it  and 
the  red  solution  of  A  is  to  be  filtered  into  it.  The  precipitate 
soon  subsides.  A  large  quantity  of  water  is  to  be  T>oured  on, 
and  then  washing  by  decantation  can  be  continueu  to  three 
decantations,  after  which  the  substance  remains  suspended.  It 
can  be  made  to  subside  by  adding  a  very  small  (piantity  of 
magnesium  sulphate ;  one  tour-thousandth  part  (0*25  gram  to 
one  liter)  is  sufficient.  The  substance  may  then  be  thrown  on 
a  filter  and  washed  with  pure  water. 

AncUysis. — A  specimen  dried  in  vacuo  over  sulphuric  acid 
gave 

No.  1 97*17  per  cent  silver. 

No.  2 9710       "  " 

A  specimen  dried  first  in  vacuo  and  then  at  100''  C,  loHt  in 
the  second  drying  '88  per  cent  water. 

So  that  the  substance  dried  at  100®  contained  1>7'96  per  cent, 
of  silver.  The  remaining  2*04  per  cent  conHinted  of  furric 
oxide  and  citric  add. 

C,     Gold-  Yellow  and  Copper-colffred  fSilver, 

It  has  been  long  known  that  golden-y(;llow  H\HU'.kH  would 
occasionally  show  themselves  in  silver  H^;lutionM,  but  rjtuUl  not 
be  obtained  at  will  and  the  quantity  thus  aprH;aritig  wan  ititt- 
nitesimaL  Probably  this  phenomenon  hsu^  ttiUiU  led  Ut  a  mu|> 
position  that  silver  might  be  tran«mute<J  luUt  K^/ld.f    Thin  y#;l' 

*  ProdnctioD  of  an  image  od  mlr^r  -.fAifUt  <9ii^bl^  hf  ^Utv^Ufptitmii  iff  nitui,\4 
pressme. 

f  I  haire  a  little  Toliime  f^YAutt^  i&  I'^^nn  \u  I  *Jn  uj  k  f:h*^tnH  rmrti^i  tSfft^' 
rean  who  waa  flrmlj  oooriiioed  tliat  In  mAn/  r^v,tt//r««,  tUiUuU'.  ytft^fttn  f,i  vil r<»f 
are  oooverted  into  gokL  aapeciallj  w\ik,  t^*«  a«/J  of  ynfftIA  n-iUitn^^X     iu  U^tUo, 
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low  product,  however,  is  onl^  an  allotropic  form  of  silver,  kt 
it  has  all  the  color  and  brilliancy  of  gold,  a  fact  which  wm 
apparent  even  in  the  minute  specks  hitherto  obtained 

fey  the  means  presently  to  be  described,  silver  can  be  con- 
verted wholly  into  this  form.  It  is  a  little  curious  that  ite 
permanency  seems  to  depend  entirely  on  details  in  the  mode 
of  f ormation^  I  found  many  ways  of  obtaining  it,  but  in  a  few 
months  the  specimens  preserved  changed  spontaneously  to 
normal  silver.  This  happened  even  in  well  closed  tubes.  The 
normal  silver  produced  in  this  way  is  exquisitely  beautifnl 
It  has  a  pure  and  perfect  white  color  like  the  finest  frosted 
jewelers'  silver,  almost  in  fact  exceeding  the  jeweler^s  best 
products.  I  found,  however,  one  process  by  which  a  qnitc 
permanent  result  could  be  obtained.  Specimens  made  by  it  in 
November  of  1886  are  now,  at  the  end  of  thirty  months,  un- 
changed. 

In  forming  the  blue  product  which  I  have  caUed  A,  very 
concentrated  solutions  were  necessary.  C  on  the  contrary  is 
best  obtained  from  very  dilute  ones.  The  following  propor- 
tions give  good  results. 

Two  mixtures  are  to  be  prepared :  No.  1,  containing  200  c  c 
of  a  ten  per  cent  solution  of  silver  nitrate,  200  c.  c.  of  twenty 
per  cent  solution  of  Kochelle  salt  and  800  c.  c.  of  distilled 
water.  No.  2,  containing  107  c.  c.  of  a  thirty  per  cent  solution 
of  ferrous  sulphate,  200  of  a  twenty  per  cent  solution  of  Ko- 
chelle salt  and  800  of  distilled  water.  The  second  solution 
(which  must  be  mixed  immediately  before  using  only)  is  poured 
into  the  first  with  constant  stirring.  A  powder,  at  first  glitter- 
ing red,  then  changing  to  black,  falls,  which  on  the  filter  hag  a 
beautiful  bronze  appearance.  After  washing  it  should  be 
removed  whilst  in  a  pasty  condition  and  spread  over  watch 
glasses  or  flat  basins  and  allowed  to  dry  spontaneously.  It 
will  be  seen  that  this  is  a  reduction  of  silver  tartrate  bj 
ferrous  tartrate.  The  metallic  silver  formed  by  reduction 
with  ferrous  citrate  and  ferrous  tartrate  is  in  an  allotropic 
condition  ;  with  ferrous  oxalate  this  result  does  not  seem  to  be 
produced. 

Although  the  gold-colored  silver  (into  which  the  nitrate  used 
is  wholly  converted)  is  very  permanent  when  dry,  it  is  less  so 
when  wet.  In  washing,  the  filter  must  be  kept  always  full  of 
water :  this  is  essential.  It  dries  into  lumps  exactly  resembling 
highly  polished  gold,  especiallv  the  surfaces  that  have  dried  in 
contact  with  glass  or  porcelain.     For  this  substance  has  in  a 

which  he  presented  to  the  French  Academy  with  one  of  his  papers.  To  his  grett 
disappointment  he  did  not  succeed  in  repeating  those  experiments  in  Paris,  with 
more  than  an  infinitesimal  result.  All  gold  in  his  opinion  had  been  originally 
silver,  and  this  belief,  he  affirms,  is  universal  amongst  Mexican  miners.  The 
book  has  for  title  "  Les  Metaux  sont  des  Corps  composes." 
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high  degree  the  property  already  described  in  forms  A  and  B 
— that  of  drying  with  the  particles  in  optical  contact.  When 
the  thick  pasty  substance  is  extended  over  glazed  paper,  it  dries 
with  the  splendid  luster  of  gold  leaf,  with  this  essential  differ- 
ence, that  these  allotropic  forms  of  silver  B  and  C  assume 
spontaneously  in  drying  the  high  degree  of  brilliancy  which 
other  metallic  surfaces  a<;quire  by  elaborate  polishing  and  bur- 
nishing. By  brushing  a  thick  paste  of  this  substance  evenly 
over  clean  glass,  beautiful  gold-colored  mirrors  are  obtained ; 
the  film  seems  to  be  entirely  continuous  and  the  mirror  is  very 
perfect 

By  continued  washing  the  precipitate  changes  somewhat,  so 
that  in  drying  it  takes  on  a  coppery  rather  than  a  golden  color, 
and  is  rather  less  lustrous,  though  still  bright  and  permanent. 

Two  silver  determinations  by  conversion  into  chloride  made 
in  Nov.,  1886,  gave  : 

No.  1 97*81  per  cent  silver. 

No.  2 97-86        "  " 

Recently  these  experiments  have  been  repeated  and  the 
washing  was  more  successful.  Ferric  tartrate  adheres  very 
obstinately  and  after  a  time  washing  with  water  ceases  to 
remove  it.  Stronger  means  cannot  be  employed  without 
affecting  the  substance  itself.     These  last  determinations  gave : 

No.  1 98*750  per  cent  of  silver. 

No.  2 98*749       "  " 

The  residue  of  No.  2  was  examined  and  consisted  almost 
wholly  of  ferric  citrate. 

Chestnut  Hill,  Phila,  April,  1889. 


Note. — The  editors  have  received,  from  the  author  of  the  above 
paper,  samples  of  the  three  allotropic  forms  of  silver  which  he 
describes,  and  also  strips  of  glass  and  paper  coated  with  them. 
Mr.  Lea  is  to  be  congratulated  on  his  very  important  results. 
The  coated  strips,  including  the  gold-colored  mirror  made  with 
the  "  gold-silver,"  answer  fully  to  his  description.  The  mirror  is 
remarkable  for  its  perfection  and  brilliancy. 
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SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1 .  On  the  Composition  of  Water, — ^Lord  Ratlsigh  has  com- 
municated to  the  Koyal  Society  the  results  of  an  attempt  at  an 
entirely  independent  determination  of  the  relative  weights  of  oxy- 
gen and  hyarogen,  by  actual  combustion  of  weighecT  quantities 
of  the  two  gases.  Dumas  weighed  only  the  oxygen  and  the 
water  produced.  Later  investigators  have  weighed  the  hydro- 
gen, either  in  the  gaseous  state  as  in  the  experiments  of  Cooke 
and  the  author,  or  occluded  in  palladium  as  in  those  of  Keiser. 
As  to  the  second  weighing  it  is  not  material  whether  it  relates  to 
the  water,  as  in  the  investigations  of  Cooke  and  Keiser;  or  to  the 
oxygen  as  in  the  present  experiments.  In  principle  the  method 
adopted  by  Rayleigh  is  very  simple.  Globes  of  the  same  size  u 
those  employed  for  the  density  determinations  were  filled  to 
atmospheric  pressure  with  the  two  gases  and  were  then  carefully 
weighed.  By  means  of  Sprengel  pumps,  the  gases  were  ex- 
hausted into  a  mixing  chamber,  sealed  below  with  mercury,  where 
they  were  fired  by  electric  sparks  in  the  usual  way.  After  suflS- 
cient  quantities  of  the  gases  had  been  withdrawn,  the  taps  of  the 
globes  were  turned,  the  leading  tubes  and  mixing  chamber  were 
cleared  of  all  remaining  gas,  and,  after  a  final  explosion  in  the 
eudiometer,  the  nature  and  amount  of  the  residual  gas  were  de- 
termined. The  quantities  taken  from  the  globes  can  be  found 
from  the  weights  before  and  after  the  operations.  From  the 
quantity  of  that  gas  which  proved  to  be  in  excess,  the  calculated 
weight  of  the  residue  was  subtracted.  This  gave  the  weight  of 
the  two  gases  which  actually  took  part  in  the  combustion.  In 
practice,  the  mixing  chamber,  originally  filled  with  mercury,  was 
charged  with  equivalent  quantities  of  the  two  gases ;  the  oxygen 
being  first  admitted  until  the  level  of  the  mercury  had  dropped 
to  a  certain  mark  and  then  the  hydrogen  down  to  a  second  marL 
The  mixed  gases  might  then  be  drawn  of!  into  the  eudiometer 
and  the  chamber  refilled ;  but  to  save  time  the  chamber  was  re- 
plenished and  the  eudiometer  filled  from  it  simultaneously,  the 
proper  proportion  of  the  gases  being  preserved  by  means  of  mer- 
cury manometers  which  indicate  the  pressures  at  any  time  in  the 
globes.  To  obviate  an  accumulation  of  residual  gas  in  the  eudio- 
meter, two  sparking  places  were  provided,  one  above  the  other, 
the  lower  one  being  generally  used.  When  the  tube  contained 
excess  of  oxygen  down  to  a  point  somewhat  below  the  lower 
spark-wires  each  bubble  of  explosive  gas  readily  found  its  way  to 
the  sparks  and  there  was  no  tendency  to  a  dangerous  accumula- 
tion of  mixed  gas  before  an  explosion  took  place.  In  consequence 
of  the  difficulties  encountered,  nve  results  only  have  been  obtained, 
representing  the  atomic  ratio  of  oxygen  and  hydrogen  as  deduced 
immediately  from  the  weighings  with  allowance  for  the  unburned 
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residue.  These  are:  15*93,  15*98,  15*98,  15*93,  15*92;  the  mean 
of  which  is  15*95.  Correcting  for  buoyancy,  the  final  number  for 
the  atomic  mass  of  oxygen  is  15*89. — Nature^  xxxix,  462,  March, 
1889.  G.  F.  B. 

2.  On  Diamide  hydrate  and  other  salts, — Curtiits  and  Jay 
have  continued  their  researches  upon  diamide  N.H^,  the  com- 
pound isolated  in  1887  by  the  former  chemist.'*'  Its  intense  at- 
traction for  water  has  rendered  its  preparation  in  the  anhydrous 
condition  extremely  difficult ;  especially  since  water  is  also  set 
free  in  all  the  reactions  by  which  it  is  produced.     On  distilling 

t  NH    HCl 
diamide  hydrochloride  -j  -jijfr'Txpi  ^^th  caustic  lime  in  a  silver 

retort,  furnished  first  with  a  U-tube  and  then  with  a  horizontal 
tube  filled  with  quicklime,  the  liquid  hydrate  collected  in  the  re- 
ceiver. A  strong  solution  of  potassium  hydrate,  however,  gave 
a  larger  yield.  Diamide  hydrate  is  a  fuming  liquid  which  boils 
without  change  at  119^  and  has  a  high  refractive  power.  Glass 
is  attacked  by  it  readily  and  it  rapidly  destroys*  cork  or  Caout- 
chouc. It  is  strongly  alkaline,  has  a  taste  like  ammonia,  with  a 
burning  after-taste.  It  appears  to  be  the  strongest  reducing  agent 
known.  It  precipitates  silver  from  a  cold  concentrated  solution 
in  fine  compact  crystalline  masses  and  if  the  solution  is  dilute,  in 
splendid  mirror-like  films.  Platinic  chloride  is  completely  reduced 
by  it  with  separation  of  metallic  platinum.  When  dropped  on 
mercuric  oxide  it  explodes  violently.     The  salts  of  diamide  are 

well-marked  and  very  stable.     The  di-hydrochloride  <  xH^'hCI 

strongly  resembles  ammonium  chloride,  crystallizing  in  cubes  and 
giving  in  films  feathery  crystals ;  but  it  is  deliquescent.  On  heat- 
ing to  198°  it  fuses,  evolves  hydrogen  chloride,  and  leaves  a  clear 

[  \jxj    HCl 
glass  of  mono-hydrochloride  K -j^^ij''         .    This  on  further  heat- 
ing breaks  up  into  ammonium  chloride,  nitrogen  and  hydrogen. 
The   normal   hydrochloride   gives   no   precipitate    with   platmic 
chloride  but  reduces  it  to  platinous  chloride,  with  evolution  of 

nitrogen.      Diamide  sulphate-!  t^|j«.H,SO^  crystallizes  in  forms 

which  are  optically  bi-axial.  It  is  only  sparingly  soluble  in  cold 
water  and  is  thrown  down  when  sulphuric  acid  is  added  to  solu- 
tions of  its  salts.  It  fuses  at  254°  and  is  decomposed  almost  ex- 
plosively, evolving  sulphurous  oxide,  hydrogen  sulphide  and  sul- 
phur and  leaving  ammonium  sulphite.  The  carbonate,  nitrate, 
acetate  and  oxalate  have  also  been  obtained,  all  crystallized  ex- 
cept the  first,  and  all  having  strong  reducing  properties.  When 
any  salt  of  diamide  is  mixed  with  a  nitrite,  free  nitrogen  is 
evolved  almost  explosively. — J,  pr,  Chem,,  xxxix,  27,  107 ;  JBer, 
JSerL  Chem.  Ges.,  xxii,  134  (Ref.),  March,  1889.  g.  f.  b. 

3.  On  the  Synthesis  of  th^  Glucoses  and  of  Mannite. — By  the 
action  of  barium  hydrate  upon  acrolein  dibromide  E.  Fischer  and 

*  This  Journal,  III,  xxxiv,  226,  Sept.,  1887. 
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Tafbl  obtained  some  time  ago,  two  sugar  derivatives  in  the  form 
of  their  osazones,  produced  by  precipitating  with  phenyl-diamide, 
which  they  called  a-acrosazone  and  p-acrosazone  respectively.  The 
former  these  chemists  have  now  further  examined.  By  the  action 
of  hot  concentrated  hydrogen  chloride,  the  a-acrosazone  dissolves 
to  a  clear  dark  red  liquid  which  on  cooling  deposits  crystals  of 
phenyl-diamide  hydrochloride.  The  mother  liquor  is  dilated, 
neutralized  with  lead  carbonate,  decolorized  and  precipitated  with 
barium  hydrate.  The  precipitate  contains  the  or-acrosone,  having 
the  formula  CH, .  OH .  (CHOH),CO .  COH ;  which  is  an  oxidation 
product  of  a  simple  sugar.  The  lead  compound  was  decomposed 
with  sulphuric  acid,  treated  with  barium  carbonate,  decolorized 
and  evaporated  to  a  syrup,  which  in  the  cold  solidified  to  an  amor- 
phous mass.  By  warming  the  dilute  solution  of  a-acrosone  with 
zinc  dust  and  acetic  acid,  it  was  reduced  readily ;  and  after  re- 
moving the  zinc  by  hydrogen  sulphide,  evaporation  and  extrac- 
tion with  absolute  alcohol,  ether  produced  a  precipitate  of  the 
new  sugar  a-acrose  in  colorless  flocks  which  soon  deliquesced  to  a 
syrup.  This  substance  shows  the  closest  analogy  with  the  glu- 
coses. It  tastes  sweet,  reduces  Feh ling's  solution,  and  ferments 
with  yeast.  Moreover  on  reduction  with  sodium  amalgam  it 
yields  a  substance  closely  resembling  mannite  which  the  authors 
call  acrite.  Both  acrose  and  acrite,  however,  are  optically  inac- 
tive; and  this  is  the  only  respect  apparently  in  which  the  former 
differs  from  the  glucoses  or  the  latter  from  mannite. — £er,  Berl, 
Chem,  Ges,,  xxii,  97,  January,  1889.  g.  f.  b. 

4.  On  Geometrical  Isomerism. — Wislicenus  and  Holz  have 
described  a  striking  instance  of  geometrical  isomerism  in  the  case 
of  the  dibromide  of  crotonylene.  In  this  form  of  isomerism,  the 
compounds  are  precisely  similar  in  their  constitution  and  difter 
only  in  the  relative  positions  of  their  atoms  in  space.  By  the  di- 
rect action  of  bromine  upon  crotonylene  CH,.  C  j  C .  CH„  a  dibro- 
mide CH,.  CBr  :  CBr.  CH,  is  formed  the  atoms  of  which  as  the 

CH..C.Br 
authors  show,  are  arranged  in  space  thus :  ||  the  two 

CH..C.Br 
similar  groups  being  symmetrical   with  respect  to  an   assumed 

Elane  between  them.  If,  however,  a  dibromide  be  formed  either 
y  removing  from  crotonylene  tetrabromide  two  of  its  bromine 
atoms,  or  by  withdrawing  from  one  of  the  tribrombutanes 
CHg.  CHBr.  CBr^ .  CH,  a  molecule  of  hydrogen  bromide,  the  new 
dibromide  is  found  to  be  quite  a  different  substance  from  the  first. 
While  it  has  necessarily  the  same  empirical  formula,  its  boiling 
point  was  found  to  be  about  3°  higher  than  the  other  dibromide 
and  it  behaved  quite  differently  on  reduction  with  zinc  dust.  The 
authors  can  explain  these  differences  only  on  the  assumption  that 
the  arrangement  of  its  atoms  in  space  is  centro-symmetrical 
CH,.C.Br 

II  ;  and  they  give  the  name  isocrotylene  dibromide  to 

Br.C.CH. 
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this  compound.  Both  bodies  on  addition  of  bromine  give  the 
same  tetrabroraide  CH,.  CBr,.  CBr, .  CH,. — Ann,  Chem,  Pharm.y 
ccl,  224,  230,  Jan.,  1889;  Nature^  xxxix,  467.  g.  f.  b. 

6.  On  Aluminum,  acetyl-acetonate, — Combes  has  recently  pro- 
duced an  organic  aluminum  compound  of  some  interest,  since  it 
seems  likely  to  settle  the  disputed  question  of  the  valence  of  this 
metal.  This  compound  is  aluminum  acetyl-acetonate,  a  white 
crystalline  solid  melting  at  19d°-l  94^  and  distilling  .unchanged 
at  814*-315®.  Two  density  determinations  by  V.  Meyer's  method 
in  nitrogen  and  at  the  temperature  of  boiling  mercury  gave  values 
corresponding  to  the  molecular  masses  825*5  and  824*2;  the  mole- 
cular mass  of  Al(CjH,0,),  being  324*5.  Hence  the  triad  formula 
is  the  only  possible  one  even  at  this  low  temperature.  There  was 
no  trace  ot  decomposition. —  C,  i?.,  cviii,  406,  Feb.,  1889;  BuU, 
Soc,  Chim.,  Ill,  i,  343,  March,  1889.  g.  p.  b. 

6.  Correction  of  RegnauWs  results  upon  the  weight  of  gases, — 
J.  M.  Crafts,  following  up  the  suggestion  of  Lord  Rayleigh  in 
regard  to  the  effect  of  the  presence  of  the  atmosphere  upon  the 
vessel  in  which  the  eases  were  weighed  by  Regnauit,  finds  the  fol- 
lowing coiTected  values  for  Regnault's  results  for  density : 

Corrected  value  for 
Regnauit.  Corrected.  weight  of  a  liter. 

Air 100000  100000  129349 

N 097137  0-97138  1*25647 

H 0-06977  0-06949  0*08988 

0 110564  110562  1-43011 

CO, 1-62910  ,             1-62897  197772 

—  Comptes  Bendus,  cvi,  p.  1662-64,  1888.  j.  t. 

7.  Iron  spectrum, — H.  Kayser  and  C.  Runge  have  issued  a 
paper  giving  a  catalogue  of  4500  lines  of  iron  based  upon  the 
absolute  wave-length  determinations  of  Rowland  and  Bell.  Each 
line  is  characterized  in  the  catalogue  by  its  peculiarities  as  to 
sharpness  and  reversed  nature,  etc.  The  wave  lengths  were 
measured  by  Rowland's  gratings  and  the  limit  of  accuracy  is 
O'Ol/i/i.  The  authors  believe  that  the  iron  lines  will  serve  as 
reference  lines  for  other  workers  in  spectrum  analysis.  They  hope 
to  connect  the  spectra  of  other  elements  to  the  iron  spectra  by 
certain  equations. — JBeihldtter  Annalen  der  Physik  und  Chemiey 
No.  2,  p.  78,  1889.  J.  T. 

8.  Electrical  currents  arising  from  deformation, — The  subject 
of  the  effect  of  torsion  of  bending  and  pressure  upon  the  produc- 
tion of  thermo-electric  currents  has  been  exhaustively  studied  by 
various  writers.  Ferdinand  Braun  has  lately  studied  the  sub- 
ject anew  and  finds  a  remarkable  example  of  these  phenomena  in 
nickel. — Annalen  der  Physik  und  Chemie,  No.  5,  pp.  97-127, 
1889.  J.  T. 

9.  Electrical  dilatatioii  of  quartz, — J.  and  P.  Curie  continu- 
ing their  work  upon  this  subject  have  constructed  a  manometer 
consisting  of  plates  of  quartz  which  are  connected  to  a  quad- 
rant electrometer  and  are  subjected  topressure.  The  sensitive- 
ness of  the  apparatus  is  very  great.     With  crystal  plates  having 
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7  square  centimeters  of  base  and  a  column  of  10  centimeters  in 
height  the  sensitiveness  was  such  that  the  difference  of  potenti&l 
corresponding  to  a  striking  distance  of  1  millimeter  between  balls 
six  centimeters  in  diameter  gave  a  deviation  of  25  centimeters 
upon  the  scale.     The  authors  describe  certain  modificaUons  of 
the  apparatus.     They  are  able  to  obtain  instruments  which  sure 
sensitive  to  5  volts,  and  can  serve  to  measure  1000  to  1500  volt& 
By  altering,  the  thickness  of  the  plates  of  quartz,  instruments  of 
almost  any  suitable  range  can  be  constructed.     The  authors  re- 
ply to  a  remark,  that  an  optical  manometer  depending  upon  inte^ 
ference  fringes  might  be  made  more  sensitive  than  the  manomHre 
piizo-electrique^  which  they  describe,  by  stating  that  admitting 
that  one  can  measure  to  -j-iir  ^^  ^  fringe  in  the  compensator  of 
Babinet  one  could  obtain  a  manometer  sensitive  to  a  pressure  of 
three    kilograms ; '  whereas    their    electrical    manometer   is  six 
hundred  times  more  sensitive  and  indicates  a  pressure  of  five 
grams. — Journal  de  Physique^  April,  1889,  pp.  149-168.       j.  t. 


II.     Geology  and  Natural  History. 

1.  TVicLSsic  Plants  of  Ea^stern  North  America, — ^Dr.  Stur  has 
reviewed  (Verb.  G.  Reichsanst.  July  31,  1888)  the  plants  of  the 
Triassic  beds  of  Virginia  described  by  Prof.  Fontaine,  with  speci- 
mens before  him,  received,  as  he  states,  from  Prof.  Fontaine.  He 
publishes  the  following  list  of  species  identified  by  him  with 
species  from  the  Lettenkohle,  the  lower  division  of  the  Upper 
Trias  of  Germany. 


(i 


<i 


(1 


Clover  UlU,  near  Richmond,  Va. 
Equiseium  Rogersi  Schlmper. 
Schizoneura  Virginiensis  Font. 
Macrotceniopteris  magnifoUa  Rogers. 

*'  crassinervis  Font. 

Acroatichides  LinnoMRfolius  Bunb. 
rhomhifolius  Font. 
deiisifolius  Font. 
microphylbis  Font. 
Mertensides  hiUlatus  Bunb. 
"  distans  Font. 

Aster ocarpvLS  Virginiensis  Font. 
"  platyi-ra4:hys  Font. 

"  ptnticarpus  Font. 

Lonchopieris  Virginiensis  Font. 
Clathropteris  platyphylla  Font. 
FseudO'dancEopteris  rtticulata  Font. 
Ctenophyllum  Braunianum  Font. 
"  grand  (folium  Font. 

Podozamites  tenuisiriatas  Font. 
Sphenoziimites  Rogersianus  Font. 


Schists  of  Lanz. 
Equisetum  arenaceum  Jsegper. 
Catamites  Mericmi  Brgt. 
Tceniopteris  latior  and  T.  simplex  Stur. 
? 
? 
Speirocarpus  Lunzensis  Stur. 
*'  Rutitneyeri  Heer. 

"  microphyllua  Stur. 

Oligocarpia  rohustior  Stur. 
"  Lunzensis  Stur. 

Asterotheca  Meriani  Brgt. 


Sperocarpiis  Haherfdneri  Stur. 
Clathropteris  reticulata  Kurr. 
Heeria  Lunzensis  Stur. 
Pterophyllum  Riegeri  Stur. 

Haueri  Stur. 
? 

Bronnii  Schenk. 


ii 


ti 


Relations  are  also  shown  between  other  American  and  German 
species,  and  the  conclusion  reached  that  the  American  beds  are 
equivalents  of  the  Lettenkohle. 

In  the  same  paper,  Stur  presents  facts  from  the  European  Per- 
mian flora  favoring  the  view  that  the  Glossopteris  flora  of  India, 
Afghanistan,  Australia,  and  South  Africa,  is  Permian. 
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2.  The  Geologiccd  and  Natural  History  Survey  of  Minnesota 
for  the  year  1887.  504  pp.  8vo,  with  plates  and  other  illustra- 
tions, N.  H.  Winchell,  State  Geologist :  containing  two  reports 
on  the  Original  Huronian  rocks,  and  others  referred  to  the  Hu- 
ronian,  including  the  Animike  group,  the  iron-bearing  series,  and 
underlying  crystalline  rocks,  one  by  Prof.  N.  H.  Winchell,  and 
the  other  by  Prof.  A.  Winchell  ;  and  also  a  report  on  the  crys- 
talline rocks  by  H.  V.  Winchell. 

FiM  Studies  in  the  Archaean  Rocks  of  Minnesota  with 
accessory  observations  in  Ontario,  Michigan  and  Wisconsin,  by 
Albzandbb  Winchell.     504  pp.     8vo,  Ann  Arbor,  1889. 

The  second  of  these  volumes  consists  of  the  reports  of  Prof.  A. 
Winchell  for  the  years  1886  and  1887  to  the  Minnesota  reports  of 
those  years.  The  investigation  of  the  "Original  Huroniatf"  by 
Professors  N.  H.  and  A.  Winchell  has  led  them  to  similar  conclu- 
sions. The  results  are  here  cited  from  the  report  of  the  latter. 
The  section  made  conforms  in  most  points  with  the  descriptions 
by  Logan  in  1863,  and  on  his  map  of  1865.  The  succession  of 
rocks  commencing  with  the  oldest,  and  excluding,  as  igneous,  the 
chlorite  rocks  and  greenstones,  is  stated  to  be  as  follows : 

1.  Missisagui  quartzyte,  3750  feet  thick;  2,  Bruce  limestone 
100  ft;  3,  Lower  slates  or  argillyte,  conglomeritic  and  sili- 
ceous, 7400  ft;  4,  Red  felsyte,  granulyte  and  quartzyte,  100 
ft;  5,  Upper  Slates  or  argillyte;  6.  Otter-tail  cherty  limestone, 
100  ft ;  7,  Thessalon  quartzyte,  red  and  gray,  5000  ft ;  8,  Otter- 
tail  quartzyte^  white,  4000  ft.  None  of  the  rocks  are  crystalline, 
except  locally  at  a  contact  with  an  eruptive.  The  White  quartzyte, 
the  uppermost  stratum,  occupies  the  north  shore  as  far  as  St. 
Mary's  River  and  along  part  of  St.  Joseph's  island.  Here  it  is 
overlaid  directly  by  a  siliceous  fossiliferous  limestone,  apparently 
the  Chazy,  and  hence  it  is  probably  Lower  Cambrian. 

From  a  study  of  the  Marquette  iron  region,  the  conclusion  is  de- 
duced that  the  rocks  underlie  the  true  Huronian,  and  are  uncon- 
formable to  it,  while  "  not  separated  from  the  Laurentian  by  a 
structural  unconformability."  The  Animike  formation,  on  the 
north  shore  of  Lake  Superior,  which  stretches  from  Thunder  Bay 
nearly  to  Duluth,  and  is  recognized  still  farther  west,  is  essentially 
argillitic,  with  siliceous  layers,  and  with  some  iron-ore  (magnetitic 
beds)  in  the  upper  part,  and  is  generally  nearly  horizontal  in  bed- 
ding. It  is  made  the  equivalent  of  the  **  slate  conglomerate  "  of  the 
typical  Huronian.  The  Kewatin  series  of  argillitic,  sericitic,  chlo- 
ritic  and  micaceous  schists,  high  in  dip,  occurring  about  Vermil- 
lion Lake  and  elsewhere  (and  including  the  so-called  Vermillion 
series),  is  an  independent  system  older  than  and  unconformable  to 
the  Animike.  The  Ogishke  conglomerate  of  the  vicinity  of 
Ogishke-Muncie  Lake,  with  the  associated  slates,  is  perhaps  of  the 
Animike  series,  but  probably  underlies  it. 

Many  important  facts  are  detailed  and  illustrated  in  the  reports 
with  regard  to  the  relations  of  granite  to  the  schists,  and  to  brec- 
cia granite,  and  conglomerate  granite,  and  also  to  gradual  transi- 
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tions  between  the  schists  of  varions  constitutions — such  as  from 
"  earthy  and  sub-crystalline  schists  to  gneiss " — ^facts  which  do 
mode  of  applying  pressure  will  explain. 

In  a  general  section  of  the  Huronian  and  older  formations,  con- 
cluding the  paper,  the  **  Marquettian "  iron-bearing  system,  con- 
sisting of  sericitic  and  argillitic  rocks  with  the  Ogishke  conglom- 
erate, is  introduced  below  the  typical  Huronian  (Cambrian)  and 
over  the  older  crystalline  rocks  (Vermillion  series,  etc.)  of  the 
Archflean.  The  authors  also  conclude  from  their  study  of  the 
crystalline  rocks  that  the  older  crystalline  schists,  or  the  Archaean, 
were  originally  sediments,  and  that  this  is  true  of  the  gneisses, 
even  those  fading  into  granite. 

3.  BOmmelden  og  KarmOen  med  omgivelser  geologisk  beskrevne 
af  Dr.  Hans  Rsusch.  422  pp.  8vo,  with  3  colored  maps  and 
205  illustrations  in  the  text.  A  summary  of  the  contents  io 
English  occupies  pages  385  to  422.  Published  bv  the  Geolog- 
ical Survey.  Kristiania,  1888.  (P.  F.  Steensballes). — ^This  very 
instructive  contribution  to  the  geology  of  crystalline  rocks  is  the 
result  of  a  thorough  investigation  of  the  islands  at  the  montt  of 
the  Hardanger  Fiord,  on  the  coast  of  Norway,  just  south  of 
Bergen,  embracing  Bommelo,  Karmo,  and  others  in  the  vicinity. 
The  rocks  are  granite,  gneiss,  dioryte,  mica,  hydromica,  hornblende, 
argillitic  and  other  schists,  quartzytes,  conglomerates,  limestone, 
gabbro,  with  serpentine,  diabase  and  other  kinds.  The  granite  and 
gneiss  are  in  part  Archaean.  The  other  rocks  are  found  to  be  in 
part  Primordial  and  Upper  Silurian  by  the  presence  of  fossils, 
which  occur  as  reported  in  Dr.  Reusch's  memoir  of  1862,  in  the 
finer  schists  and  limestone.  The  Primordial  localities  occur  130 
kilometers  to  the  eastward ;  but  the  schists  are  probably  the 
same  that  exist  in  the  Bokne  fiord  east  of  Karmo.  The  Upper 
Silurian  fossils  (of  which  figures  are  here  given)  were  found  near 
Bergen  and  in  the  southern  parts  of  the  islands  of  Storen  and 
Bommelo.  The  various  details  with  regard  to  the  structure 
of  the  rocks  are  described  and  well  illustrated — their  transi- 
tions, irregularities  of  flexures  and  faults,  pressure-deforma- 
tion producing  elongations  and  compressions  of  pebbles,  crystals 
and  fossils,  pressure-made  breccia  in  the  granite  and  gneiss,  and 
other  rocks,  and  bowlder-made  granite,  veins  of  various  forms 
and  irregularities,  dikes,  alterations  of  the  rocks,  diabases  altered 
to  hornblende  rocks,  and  also  to  potstone,  gabbro  to  serpentine, 
and  so  on.  The  rocks  are  regarded  as  for  the  most  part  of  one 
geological  series ;  and  the  conclusion  is  presented  that  the  region 
"  participated  in  the  great  post-Silurian  folding-process  of  the 
Scandinavian  peninsula,"  the  main  trend  of  whose  axis  was  N.E. 
The  occurrence  of  granite  inter-bedded  with  masses  of  amphi- 
bolyte,  serpentine,  calciferous  crystalline  schists,  limestone  is 
regarded  as  evidence  that  the  granite  as  well  as  the  other  rocks 
were  originally  of  fragmental  origin.  The  author  recognizes  the 
fact  that  **  in  some  cases,  originally  sedimentary  rocks  may  be 
regionally  metamorphosed  and  at  last  be  protruded  as  true 
eruptives." 
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4.  Composition  of  a  brick  from  the  hrick-^rd  of  S.  P,  Crafts^ 
•at  QuinnipiaCy  three  miles  north  of  New  ^aven,  Ct,;  by  O.  H, 
Drake. — The  brick-day  used  for  making  the  bricks  is  from  the 
bed  of  stratified  drift  in  which  were  found  bones  of  the  Reindeer, 
mentioned  in  volume  x  (1875)  of  this  Journal.  The  brick  was  one 
of  ahe  overbaked  kind,  much  distorted,  and  highly  vesicular  or 
sooria-like,  and  the  texture  within  indicated  complete  fusion.  The 
clay  had  been  mixed  with  coal-dust  before  the  heating,  as  now 
usaal  at  brick  yards.  The  analysis  of  the  vesicular  semi-glassy 
portion  afforded 


SiO, 

AUO, 

FeaO, 

FeO 

MnO 

CaO 

MgO 

KaO 

Ka,0 

65-89 

18-98 

2-97 

1-32 

0-22 

2-29 

2-56 

3-15 

2-96=1 00-32 

The  large  percentage  of  potash  and  soda  shows  that  the  clay  con- 
tained much  undecomposed  feldspar,  which  is  natural  in  view  of 
the  fact  that  the  crystalline  rocks  that  were  its  source  border  the 
Connecticut  valley  through  its  whole  distance  to  New  Haven. 
The  vesiculation  is  supposed  to  be  due  to  the  coal  dust. 

5.  International  Congress  of  Geologists,  (From  a  communica- 
tion from  the  Secretary  of  the  American  Committee,  Professor  H. 
S.  Williams,  to  the  Editors.) — The  Organizing  Committee  of  the 
International  Congress  of  Geologists  met  in  the  National  Museum, 
Washington,  D.  C.,  on  the  1 9th  of  April  last.  Present,  Professor 
J.  S.  Newberry  (in  the  chair),  J.  P.  Lesley,  N.  S.  Shaler,  O.  C. 
Marsh,  C.  H.  Hitchcock,  J.  J.  Stevenson,  6.  EL  Gilbert,  James 
Hall,  A.  Heilprin,  J.  R.  Proctor,  A.  Winchell,  C.  D.  Waloott,  R. 
P.  Whitfield  and  H.  S.  Williams. 

Professor  J.  S.  Newberry  of  Columbia  College  was  elected 
Permanent  Chairman,  G.  K.  Gilbert  of  the  U.  S.  Geological  Sur- 
vey, Vice-Chairman,  and  H.  S.  Williams  of  Cornell  University, 
Secretary. 

There  were  added,  by  election,  three  new  members  to  the  Com- 
mittee, T.  Sterry  Hunt,  Persifor  Frazer  and  E.  D.  Cope,  making 
a  total  of  twenty-seven. 

It  was  resolved  that  the  Chairman  appoint  three  committees, 
viz :  (1)  a  Committee  on  the  Scientific  programme  of  tlie  Con- 
gress, (2)  a  Committee  to  arrange  for  the  longer  excursions, 
(8)  a  Local  Committee  to  make  arrangements  for  the  holding  of 
the  meeting  in  Philadelphia,  The  names  of  the  members  of  these 
sub-committees  will  be  announced  later. 

The  Committee  adjourned  to  meet  at  Philadelphia  at  the  time, 
in  November,  of  the  meeting  of  the  National  Academy. 

6.  Brief  notices  of  some  rece^itly  described  minerals,  Meta- 
STiBNiTE. — This  name  has  been  proposed  by  Becker  for  the  red 
sulphide  of  antimony  which  he  has  observed  among  the  deposits 
of  the  Steamboat  Springs,  California.  It  is  brick-red  in  color, 
dull  in  luster,  apparently  amorphous,  and  occurs  mingled  with 
silica  and  sulphide  of  arsenic.  It  seems  to  be  identical  with  the 
chemically  precipitated  Sb^S,. —  U,  S,  GeoL  Surv.,  Moiiograph  xiii. 

Heliophtllitb,  Rhodotilite. — Two  new  minerals  from  Pajg- 
berg,  Sweden,  described  by  G.  Flink.  Heliophyllite  is  a  sulphur- 
yellow  mineral,  with  foliated  structure,  and  optically  shown  to 
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belong  to  the  orthorhombic  system.     Hardness  ^  2 ;  specific  gn?- 

ity  =:  6-886.     An  analysis  yielded  : 

AsaOs        PbO       MnO,  FeO  a 

11-69         80-70  0-64  800  =  100-93 

The  formula  deduced  is  Pb,As,0,+2PbCl  .  It  is  probabW 
identical  with  a  mineral  noted  by  ^ordenskidld  as  occarring  witn 
ecdemite  at  Ldngban. 

Rhodotilite  is  a  rose-red  radiated  mineral  with  silky  luster ;  it 
is  referred  on  the  basis  of  an  optical  examination  to  the  triclinie 
system.  Hardness  =  4  —  5  ;  specific  gravity  =  3*03.  An  analysis 
yielded  : 

SiO,         MnO         FeO        CaO       MgO       PbO        H,0 
43-67         3704         1-11         9*38         016         0*77         7*17  =  99-2» 

The    formula    deduced    is    2(Mn,Ca)SiO,+H,0.  —  6^.   Ak 

Stockh.,  Nov.,  1888. 

Inesite. — A  hydrated  silicate  of  manganese  and  calcium,  ap- 
parently the  same  mineral  as  that  later  called  rhodotilite  by 
JPlink.  It  occurs  in  fibrous  radiated  forms  of  a  flesh-red  color 
with  other  manganese  ores  in  the  Dillcnburg  region,  Germany. 
It  is  referred  to  the  triclinie  system  as  the  result  of  the  optical 
examination.  Hardness,  6-7  ;  specific  gravity,  3*103.  Analysb: 
SiOa  MnO         FeO         CaO        MgO        H,0        A1,0, 

43-92  38*23  069  8*00  0*28         8*49  0-29S99-85 

Described  by  A.  Schxeider  in  Zeitschr.  Geol.  Qes,^  vol.  xxxix, 

829,  1888.     Cf.  also  Flink,  (Efv,  Ah,  Stockh,,  Jan.  9,  1889. 

Cartopilite  (Karyopilite). — A  hydrated  silicate  of  manganese 
allied  to  inesite.  It  occurs  in  botryoidal  or  reniform  shapes, 
having  a  matted  fibrous  structure,  at  the  Harstig  mine,  near  I^ajs- 
berg,  Sweden.  The  color  is  brown,  the  hardness  3 '5,  and  the  spe- 
cific gravity  2'83-2'91.     Analysis : 

SiOa       MnO      MgO      CaO       PbO     Fe,0,    AlaO,     Alk.      H,0         01 
36-16      46-46      4-80       0-28       037        1*33       0-35       0*20       981        0-09=99*85 

Approximate  formula,  4MnO.3SiO5.3H3O.  Described  by  A.  Ham- 
berg  in  Geol.  For.  Forhandl^  vol.  xi,  27,  1889. 

OcHROLiTR. — An  antiraonate  of  lead  from  Pajsberg,  isomorph- 
ous  with  heliophyllite  (see  above).  It  occurs  in  tabular  ortho- 
rhombic  crystals,  of  a  sulphur-yellow  color,  and  adamantine 
luster.  An  analysis  gave:  PbO  76-62,  CI  7*72,  Sb,0^  17-59  (as 
loss),  leading  to  the  formula  Pb^SbjO^-f  2PbCl,.  Described  by 
G.  Flink  in  CEfi}.  Akacl  Stockh.,  Jan.  9,  1889. 

Facellite. — Described  by  E.  Scacchi  (Rend.  Accad.  Napoli. 
Dec.  1888)  as  a  new  mineral  from  Mt.  Somma.  It  occurs  in  col- 
orless and  slender  acicular  crystals,  optically  uniaxial,  and  prob- 
ably belonging  to  the  hexagonal  system.  Hardness  aboat  6 ; 
specific  gravity  2*493.     An  analysis  yielded  : 

SiOa  AlaO,  KaO  NEjO 

37-73         33-09         29*30         0-37  =  10#-49 

This  corresponds  to  the  formula  KAlSiO^  or  K,0 .  Al^O  .  2SiO^ 
The  author  has  evidently  overlooked  the  description  of  JTo/to- 
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phiiite  (of.  this  Journal,  xxxiii,  423)  by  Mierisch,  which  is  from 
the  same  locality  and  is  doabtless  the  same  mineral. 

Papostte. — A  hydrous  iron  sulphate  from  the  Union  mine  near 
Paposa,  Atacama.  It  occurs  in  dark  red  crystalline  masses  hav- 
iDg  a  fibrous  radiated  structure.  Its  composition  is  expressed  by 
the  formula  2Fe,0,.  3SO, .  10H,O.  Darapsky,  Jahrb.  Min.,  i,  23 
ref.,  1889. 

7.  Mazapilite. — ^Dr.  Koenig  has  continued  his  investigation 
of  this  species  from  Mazapil,  Mexico  (see  vol.  xxxvi,  p.  391).  It 
proves  to  be  orthorhombic  with  a  prismatic  angle  of  119**  60'. 
An  analysis  gave  : 

AsaOft  SbaO.  PjOft  FeaO,  CaO  HjO 

43-60  0-25  0-14  30-53  1482  9-83  =  99-17. 

It  thus  approaches  very  close  to  arseniosiderite,  and  may  be  iden- 
tical with  it. — Proc.  Acad,  Nat,  Sci.  Philad,^  45,  1889. 

8.  Gahnite^  Columbite. — Dr.  Genth  describes  gahnite  from 
Smedley's  quarry,  Delaware  Co.,Penn.,  and  columbite  from  Mineral 
Hill.  The  latter  mineral  is  especially  interesting  as  being  a  nearly 
pare  niobate  with  Nb,0,  76*26  p.  c,  Ta,0^  0*83  p.  c. ;  the  specific 
gravity,  5*26,  is  correspondingly  low. — Proc,  Acad.  Nat.  Set,, 
PhUad.,  60,  1889. 

9.  Stibnite  from  Canada, — In  the  Annual  Report  of  the  Ge- 
ology of  Canada  for  1887,  G.  Ch.  Hoffmann,  chemist  to  the  Sur- 
vey, announces  the  occurrence  of  stibnite  at  Foster's  Bar,  about 
23  miles  from  Lytton,  Br.  Columbia. 

10.  Mineralogy  of  Pennsylvania^  Part  I.  Easton,  Penn. — 
Professor  John  Eterman  has  prepared  this  pamphlet  as  a  con- 
tinuation of  Dr.  Genth's  volume  on  the  same  subject  issued  in 
1875.  The  finding  of  euxenite  is  announced,  but  from  an  unknown 
locality,  also  of  erythrite  at  the  French  Creek  mines.  The  follow- 
ing analysis  is  given  of  the  calamine  from  Friedensville  :  SiO, 
24-32,  ZnO  65-06,  H,0  786,  Fe,0,  2  12  =  9935. 

11.  Note  on  Sinter-forming  Algce. — A  collection  of  Algae  from 
the  hot  springs  of  the  Yellowstone  National  Park,  has  been  placed 
in  the  hands  of  Professor  W.  G.  Farlow,  for  examination.  The 
result  of  his  study  will  be  published  on  the  completion  of  the 
work  together  with  such  facts  concerning  the  occurrence  of  the 
plants  as  Professor  Farlow  may  care  to  use.  The  specific  deter- 
mination of  Calothriz,  and  of  Leptothrix,  ^iven  in  the  article  on 
the  "  Formation  of  Siliceous  Sinter,"  in  this  volume,  were  not 
made  by  him,  and  are  subject  to  correction  in  bis  report. 

W.  H.  WEED. 

12.  Pesults  obtained  by  etching  a  sphere  of  quartz  and  crystals 
of  quartz  with  hydrofluoric  acid ;  by  Dr.  Otto  Meteb  and 
Samuel  L.  Penfield. — Starting  with  a  sphere  of  quartz,  shown 
by  its  pyro-electrical  behavior  to  have  been  cut  from  a  simple 
nght-handed  crystal,  the  authors  have  studied  the  effects  of  ex- 
posing it  to  the  action  of  hydrofluoric  acid  for  different  periods 
•from  four  days  to  eight  weeks.  Two  excellent  plates  reproduce 
with  wonderful  fidelity  the  delicate  etchings  exhibiting  the  tetar- 
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tohedral  symmetry  of  the  crystal,  which  were  obtained  in  the 
Boccessive  steps  of  the  process.  Perhaps  the  most  remarkable 
point  broaght  oat  is  the  resistance  to  attack  at  an  extremity  of 
each  of  the  three  lateral  axes,  while  in  the  direction  of  the  verti- 
<$al  axis  the  solution  went  on  very  rapidly.  Thus  in  the  later 
stages  of  the  process,  after  seven  weeks,  the  sphere  was  flattened 
to  about  one-half  its  original  diameter  vertically,  while  in  the 
transverse  direction  it  had  almost  a  triangular  form. — Thant, 
Conn.  Acad.^  vol.  viii,  1889. 

13.  Seventh  Annual  Report  of  the  Directors  of  the  United 
States  Geological  Survey,  W.  Powell,  656  pp.  roy.  8vo. — After 
a  review  of  the  organization  of  the  Survey,  and  a  statement  of 
the  work  in  progress  and  partly  accomplished,  and  the  reports  for 
the  year  1886  of  the  heads  of  divisions,  this  report  contains  the 
following  elaborate  papers  :  The  Rock-Scorings  of  the  Great  loe- 
Invasions,  by  T.  C.  Chamberlin  ;  Obsidian  Cliff,  Yellowstone 
National  Park,  by  J.  P.  Iddings  ;  Geology  of  Martha's  Vine- 
yard, by  N.  S.  Shaler  ;  Classification  of  the  early  Cambrian  and 
pre-Cambrian  formations — a  brief  discussion  of  principles  illus- 
trated by  examples  drawn  mainly  from  theXake  Superior  Region, 
by  R.  D.  Irving;  The  Structure  of  the  Triassic  formation  of  the 
Connecticut  Valley,  by  W.  M.  Davis  ;  and  the  Geology  of  the 
Head  of  the  Chesapeake  Bay,  by  W.  J.  McGee.  There  is  also  a 
valuable  paper  on  Salt-making  processes  in  the  United  States  hy 
T.  M.  Chatard.  Many  fine  plates  and  cuts,  mostly  from  photo- 
graphs and  maps,  illustrate  these  papers.  Those  of  the  paper  by 
Cbaraberlin  are  very  beautiful  and  effective ;  so  also  those  of 
the  Obsidian  Cliff  showing  its  columnar  features,  its  lithophyses 
and  spherulites  ;  and  those  of  the  other  papers  have  great  interest. 
Portions  or  abstracts  of  the  papers  of  Iddings,  Irving,  Davis 
and  McGee  have  appeared  in  this  Journal.  A  general  map  of 
glacial  striae  in  the  United  States  accompanies  Mr.  Chamberlin's 
paper. 

14.  Journal  of  Morphology, — The  number  just  issued  (No.  3 
of  vol.  ii),  of  the  always  excellent  Journal  of  Morphology,  of  Bos- 
ton, (published  by  Ginn  &  Company),  contains  an  elaborate  and 
admirably  illustrated  paper  by  C.  S.  Minot  on  the  uterus  and 
embryo,  I,  Rabbit,  II,  Man ;  another,  of  like  character,  by  E.  P. 
Allis,  Jr.,  on  the  anatomy  and  development  of  the  lateral  line 
system  in  Amia  Calva ;  the  two  covering  228  pages  and  illus- 
trated by  many  plates  and  figures  in  the  text;  besides  shorter 
papers  on  the  organization  oi  atoms  and  molecules  by  Prof.  A. 
E.  Dolbear;  some  new  facts  about  the  Hirudinea  by  C.  0. 
Whitman,  and  Segmental  sense-organs  of  Anthropods,  by  Wm. 
PArrEN. 

15.  On  the  Development  of  Manicina  areolata  ;  by  Hkxrt  V. 
Wilson. — This  is  another  ol  the  profound  researches  published  in 
the  Journal  of  Morphology,  in  vol.  ii,  No.  2.  The  paper  is  the 
thesis  for  the  degree  of  Doctor  of  Philosophy,  at  the  Johns 
Hopkins  University,  honored  by  the  University  a  year  since.  It 
is  a  study  of  the  embryological  development  of  the  species  ^i 
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coral  mentioned,  daring  the  spring  of  1887,  at  the  Marine  Labora- 
tory of  the  University  stationed  on  the  island  of  New  Provi- 
dence, Bahamas.     It  is  illustrated  by  seven  folded  plates. 

1 6.  The  Anatomy  of  Astrangia  JJance,  Six  lithographs  from 
drawings  by  A.  Sonrel,  Natural  History  Illustrations  prepared 
andcr  the  direction  of  Louis  Agassiz,  1849.  Explanation  of 
plates  (20  pages  4to^  by  J.  Walter  Fewkes.  Published  by  the 
Smithsonian  Institution,  1 889. — The  beautiful  plates  here  issued 
were  drawn  in  1849  under  Prof.  L.  Agassiz's  direction  from  mate- 
rial collected  during  the  first  dredging  trip  of  Prof.  Agassiz  under 
the  auspices  of  the  U.  S.  Coast  Survey.  The  vessel,  the  steamer 
Bibb,  was  under  the  command  of  Lieut.  C.  II.  Davis^  and  the 
collections  of  Astrangia  were  made  near  Nantucket.  The  memoir 
was  left  unfinished  by  Prof.  Agassiz. 

IIL  Miscellaneous  Scientific  Intelligence. 

1.  7%6  International  Congress  of  Electricians  will  meet  in 
Paris  during  the  week  from  the  24th  to  the  31flt  of  August  next. 
The  subjects  to  be  considered  are  Measurements,  Machmes,  Elec- 
trochemistry, Lighting,  Telegraphy,  Telephony  and  other  eco- 
nomic applications  of  electricity  and  Electrophysiology.  The  fee 
for  membership  is  twenty  francs.  All  communications  relative  to 
the  Congress  should  be  addressed  to  M.  Mascart,  President  of  the 
Committee  of  Organization,  44  Rue  de  Rennes,  Paris.  The  pur- 
pose of  the  meeting  is  to  continue  and  complete  the  work  of  the 
Reunion  of  1881. 

2.  Geological  Society  of  France. — The  Special  Reunion  of  this 
Society  will  be  held  this  year  at  Paris,  commencing  with  August 
18th.  There  will  be  excursions  to  the  various  localities  of  interest 
about  Paris,  and  also  under  the  guidance  of  MM.  Michel  Levy 
and  Barrois,  in  Auvergne  and  Brittany.  Communications  should 
be  addressed  "Secretariat  de  la  Societe  geologique,  7  Rue  des 
Grands-Augustins.''  American  geologists  have  been  invited, 
through  Major  Powell,  President  of  the  American  Association,  to 
attend  the  reunion. 

3.  The  Botanical  Society  of  France^  according  to  a  circular 
recently  issued  over  the  signature  of  M.  II.  de  Vilmorin,  Presi- 
dent of  the  Society,  will  have  a  Reunion  during  the  latter  half  of 
the  month  of  August.  M.  Maury  is  Secretary  of  tlie  Committee 
of  Organization. 

4.  American  Geological  Society,     The  regular  meeting  of  this 

Society  will  be  held  at  Toronto,  Canada,  on  the  28tli  and  29th  of 

August  next.     The  circular  issued  by  the  Secretary,  Prof.  J.  J. 

Stevenson,  of  the  University  of  the  City  of  New  York,  requests 

that  a  member  having  a  paper  to  read  should  send  him  an  abstract 

of  its  contents  and  an  estimate  of  its  length  before  the  10th  of 

August ;  and  where  the  author  of  a  paper  will   not  be  present, 

that  the  paper  be  sent  to  him,  by  the  same  date,  that  it  may  be 

submitted  to  a  meeting  of  the  Council. 

Am.  Jour.  Sci.— Thibd  8erik.s,  Vol.  XXXVII.  No.  222.— .Tune.  1881* 
32 
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b.  J,  A.  Berly^s  Universal  Electrical  Directory  and  Adver- 
User, — The  electrician's  vade  mecum^  containing  a  complete  record 
of  alL  the  industries  directly  or  indirectly  connected  with  elec- 
tricity and  magnetism,  and  the  names  and  addresses  of  manufac- 
turers in  Great  Britain,  America,  the  Continent,  etc.  437  pp.  8vo. 
London,  1889  :  Wm.  Dawson  &  Sons. — This  is  the  eighth  annual 
issue  of  this  valuable  directory.  Its  comprehensive  character  can 
be  inferred  from  the  title. 

6.  Stellar  Evolution  and  its  relations  to  Geological  T^wie,  hy 
JA.MES  Croll,  LL.D.,  F.R.S.,  author  of  "Climate  and  Time,'- 
"  Climate  and  Cosmology,"  "  Philosophy  of  Thesim,"  etc.  118  pp. 
12mo.  1889.  London  (E.  Stanford). — The  subjects  of  this  volume 
by  Dr.  Croll,  are :  the  probable  origin  of  meteorites,  comets  and 
nebula?,  and  the  source  from  which  the  sun  derived  his  enenrv ; 
secondly,  the  evidence  in  support  of  the  theory  advocated  derived 
from  the  testimony  of  geology  and  biology  as  to  the  age  of  the 
sun's  heat ;  and  thirdly  questions  relating  to  the  pre-ncbular  con- 
dition of  the  universe,  and  the  bearing  which  these  have  on  theories 
of  stellar  evolution.  Other  related  subjects  will  be  considered, 
the  Preface  states,  "  in  a  future  volume,  *  Determinism,  not  force, 
the  Foundation  Stone  of  Evolution,'  a  work  of  a  more  general  and 
abstract  character,  which  was  commenced  many  years  ago." 

7.  Graphics^  or  the  art  of  Calculation  by  dratciny  lines, 
applied  especially  to  Mechanical  Engineeriny :  with  Atlas  of 
Diagrams  ;  by  Robert  H.  Smith.  Part  I,  8°  and  4*,  Longmans. 
London,  1880. — ^The  method  of  representing  forces  and  other 
directed  quantities  by  lines  is  familiarly  used  in  every  elementary 
text-book  in  statics.  The  determinmg  of  the  magnitude  of 
unknown  quantities  by  geometrical  constructions  is  older  than 
what  we  know  as  arithmetia  But  the  full  application  of  graph- 
ical methods  to  problems  in  which  the  quantities  need  be  known 
only  to  two  or  three  significant  figures,  particularly  to  engineering 
problems,  has  greatly  increased  since  the  publication  of  Cul- 
mann's  Graphische  Statik  in  1875.  That  work  beautifully  exhiln 
ited  the  power  which  graphical  construction  possesses  for  the 
investigation  of  practical  problems.  A  list  of  the  more  impor- 
tant subjects  treated  by  Mr.  Smith  in  this  first  part  will  show  the 
scope  of  his  work.  He  treats  of  Graph-Arithmetic,  Graph- 
Algebra,  Grapho-Trigonometry,  Vector  and  Kotor  addition,  the 
Kinematics  of  Mechanism,  fiat  linkages  without  and  with  beam 
links,  and  solid  static  structures.  A  second  part  is  promised  in 
case  this  volume  meets  with  a  favorable  reception.  It  will  deal 
mainly  with  synthetic  problems,  and  with  the  design  of  structures 
and  machines. 

OBITUARY. 

FRKDKKirK  A.  p.  Barnard,  President  of  Columbia  College, 
New  York,  for  twenty-five  years,  died  on  the  27th  of  April,  at 
the  age  of  eighty. 
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See  further  under  ttKOLOOY. 


Bostwick,   A.  E.,  absorption  spectra  of '  Branner,  J.  C,  geology  of  Fernando  de 


mixed  liquids,  471. 
Botanic  garden,  Java,  322. 
Botanical  Society  of  France,  503. 
Botanical  Works  noticed — 

Annals  of  Botany,  419. 

Ceanothus,  C.  C.  Parry,  418. 

Contributions   to    American    botany, 
xvi,  Watson,  416. 

Diagnoses  Plantarum  no  varum  Asiati- 
canuu,  vii,  Maximowicz,  417. 


Noronha,  145;  Report  Gool.  Surv. 
Arkansas,  1»88,  411  ;  Cretaceous  and 
Tertiary  Geology  of  the  Sergipe-Ala- 
g6as  basin  of  Brazil,  412. 

Braun,  F.,  electric  currents  from  deforma- 
tion, 495. 

British  Museum,  Fossil  Cephalopoda, 
413. 

Browne,  D.  H.,  phosphorus  in  Iron  Mtn., 
Mich.,  299. 


*  Thlg  Index  containB  the  general  hcad»  Botany.  Chbmirtry,  Grolooy,  Mixbralb, 
Ohituabt,  Rocks,  Zoolouy,  aud  under  eacl)  the  titlcB  of  Articles  referring  thereto  are 
mentioned. 
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Cameron,  J.,  Soaps  and  Candles,  242. 
Catlett,  C.,  nickel  ore  from  Canada,  372. 
Che&tical  Works  Noticed — 

Chemical  Lecture  Notes,  Austen,  409. 

Elementary  Chemistry,  Fisher,  75. 

Elementary  Chemistry,  Mixter,  409. 

Soaps  and  Candles,  Cameron,  242. 
Chemistry — 

Aluminum  acetyl-acetonate,  495. 

Capillary  glass  tubes,  use  in  distilla- 
tion, 222. 

Chromium  chloride,  vai)or  density,  73. 

Chydrazaine,  or  protoxide  of  ammonia, 
407. 

Diamide  hydrate,  Curtius  and  Jay, 
493. 

Kthyl  fluonde,  408. 

Ferric  chloride,  vapor-density,  73. 

Gallium  chloride,  vapor  density,  73, 
74. 

Indium  chloride,  vapor  density,  73 ; 
two  new  chlorides  of,  73. 

Isomerism,  geometrical,  494. 

Liquids,  volatile,  heat  of  vaporization, 
225. 

Molecular  mass,  determination  by 
vapor  pressure,  221. 

Nickel  and  cobalt,  now  metal  in,  313. 

Organic  compounds,  absorption  spec- 
tra and  composition,  233. 

Osmium,  atomic  mass,  74. 

Oxygen  and  nitrogen,  combination  in 
gaseous  explosions,  225. 

Oxygen,  nitrogen  and  hydrogen,  com- 
pressibility, 225. 

Phosphorus  in  Iron  Mt.,  Michigan, 
Browne,  290. 

Raoult'a  molecular  depression  of  the 
freezing  point,  40G. 

Regnault's  weights  of  gases,  correc- 
tion of,  495. 

Silver,  allotropic  forms  of,  Lea,  476. 

Solids,  chomical  action  between,  Hal- 
lock,  402. 

Stannic  acid,  new,  408. 

Sulphur,  phosphorus,  bromine  and 
iodine  in  solution,  molecular  mass, 
74. 

Synthesis  of  the  glucoses  and  raannite, 
493. 

Thiophosphoryl  fluoride,  222. 

Tin,  atonu'c  raa.sa,  314. 

Water  and  ciirbonic  acid  in  salts,  de- 
termination of,  ChaUird,  468 ;  com- 
po.'^ition  of,  492. 
Chatard,  T.  ^f.,  detennination  of  water 

and  carbonic  acid  in  natural  and  arti- 
ficial salts,  468. 
Chittenden,    R.    II.,    studies    from    the 

Chemical  Laboratory,  S.  S.  S.,  vol.  iii, 

314. 


Clarke,  F.  W.,  nickel  ore  from  Canada 

372. 
Clarke,  J.  M.,  visual  area  in  the  trilobiie. 

235. 
Congress,    International,  of  Geologists, 

499 ;  of  Electricians,  503. 
Cook,  G.  H.,  Final  Report  of  Geology  of 

N.  J.,  vol.  i,  232. 
Coral    reefs,    elevated    of   Oahu,    100; 

theory,  102. 
Coulter,  J.  M.,  Revision  of  N.  American 

UmbellifersB,  417. 
Crafts,  J.  M.,  correction  of  Regnault'? 

weights  of  gases,  495. 
Croll,  Stellar  Evolution,  504. 
Cross,  W.,  slipping  planes  and  lamellar 

twinning  in  galena,  237  ;  Denver  Ter- 
tiary formation,  261. 
Curie,  J.  and  P.,  electric  dilatation  of 

quartz,  495. 


Dana,  E.  S.,  new  mineral,  beryllonite. 
23 ;  contributions  to  the  petrography 
of  the  Sandwich  Islands,  441. 

Dana,  J.  D.,  Dodge's  observations  od 
Halema'umaMi,  48;  notes  on  Mauna 
Loa,  July,  1888,  51  ;  geolc^cal  history 
of  Maui  and  Oahu,  81 ;  deep  troughs 
of  the  oceanic  depression.  192,  342. 

Davis,  W.  M.,  topographic  developoieDt 
of  Triassic  formation  of  Cono.  Valley, 
423. 

Dawson,  J.  W.,  Saccamina  Kriana,  31i». 

Day,  D.  T.,  Mineral  Resources  of  U.  S., 
162. 

Deane,  W.,  Moroug's  journey  in  S,  A.. 
321. 

Derby,  0.  A.,  monazite  in  rocks,  100. 

Dillor,  J.  S.,  mineralogical  notes,  216. 

Dodge  F.  S.,  observations  on  Halema'u- 
ma'u,  48. 

Drake,  0.  H.,  Composition  of  a  brick.  499. 

£ 

Earthquakes  in  California,  Holden.  392. 

Electric  currents,  direction  and  velocity, 
Nichols  and  Franklin,  103  ;  arising 
from  deformation,  495. 

Electrical  dilatation  of  quartz,  495. 

resistance  of  stre.ssed  glass,  Bams. 
339;  Directory,  504. 

Electricians,  Congress  of,  503. 

Electricity,  dissipation  of  fog  by,  226. 

Klectrodynamic  waves.  Hertz's  experi- 
ments on,  227,  316,  409. 

Electromotive  forces,  divergence  from 
thermo-chemical  data,  315. 

Electrolytes,  resi.stance  of,  22S. 

Eyennan,  Mineralogy  of  Pennsylvania. 
501, 


INDEX. 


507 


Farlow,  W.  G.,  Index  of  the  Fungi  of 

U.  S.,  79. 
Fisher,  W.  W.,  Elementary  chemistry,  75. 
Flame,  sensitive,  as  a  means  of  research, 

Stevens,  257. 
Foord,    A.   H.,   Fossil   Cephalopoda   in 

British  Mus.,  Pt  I,  413. 
Fossil,  see  Geology. 
Franklin,  W.  S.,  direction  and  velocity 

of  electric  current,  103. 
Fulgurites,  Rutley,  414. 

0 

Gases,  Regnault's  weight  of  corrected, 
495. 

viscosity  at  high  temperatures,  etc., 
Barus,  316. 
Geikie,  A.,  volcanic  action,  Tertiary,  in 

British  Tsles,  230. 
Geographic  Magazine,   National,  No.  1, 

242. 
Geological  Society,  American,  162,  503; 

of  France,  503. 
Geological  Reports  and  Surveys— 
Arkansas,  1888,  Brauner,  411. 
Kentucky,  232. 
Minnesota,  N.  H.  Winchell,  231,  497; 

A.  Winchell,  497. 
New  Jersey,  final  report,  vol.  i,  Cook, 

232. 
U.  S.  Gool.  Survey,  to!,  vii,  502. 
Geologists,  Congress  of,  499. 
Geology — 

Archjean  of  Minnesota,  231,497;  of 

Norway,  498. 
Archffiocyathus  of  Billings,  234. 
Bowlder-glaciation,  233. 
Brachiospongidne,  Beechor,  310. 
Brontops    robustus,     restoration     of, 

Marsh,  163. 
Cambrian,  Bristol  Co.,  Mast*.,  Shaler, 
76. 
Olenellus  fauna  in,  Wulcolt,  375. 
Carboniferous  flora  and  fauna,   U.  I., 
recent  discoveries   in,   Lesqueroux, 
Packard,  229,  411. 
Cephalopoda,  Fossil,  Brit.  Mus.,  Pt.  I, 

Foord,  413. 
Coral   reefs,  elevated,  of  Oahu,  100; 

Darwin's  theory,  102. 
Cretaceous  history.  North  American, 

Hill,  282. 
Cretaceous  and  Tertiary,  Brazil,  Bran- 
ner,  412. 
Roemer's    Fauna   dor  Kreido   von 
Texas.  318. 
Denudation  at  the  Hawaiian  Ids.,  91. 
Devonian,  problematic  organism  from, 
Knowlton,  202. 


Geology — 

Dinosauria  of   Europe  and   America, 

comparison  of  principal  forms  of, 

Marsh,  323  ;  new  American,  Marsh, 

331. 

Eozoon  Canadense.  G.  P.  Merrill,  189. 

Fernando  de  Noronha,  Pt  I,    Bran- 

ner,  145;  Pt.  II,  Williams,  178. 
Fossil  cockroaches,  Scudder,  235. 
Fossils  in  crystalline  rocks  of  Norway, 

Reusch,  235 
Fulgurites,  Mt  Viso,  Rutley,  414. 
Geyser  waters,  analyses,  Gooch  and 

Whitfield,  234. 
Huronian,  original,  Winchell,  497. 
Iron  ores  of  Michigan,  etc..  Van  Hisc, 

32 ;  Browne,  299. 
Metamorphism,  facts  bearing  on,  Win- 
chell, 000 ;  Reusch,  000. 
Nummulites  up  the  Indus  valley  at  a 

height  of  19,000  ft.,  413. 
Palaiohatleria    of   Credner,   and   the 

Proganosauria,  Baur,  310. 
Phosphate  of  calcium,  nature  and  ori- 
I         gin  of  deposits  of,  Penrose,  413. 
!      Quaternary  shells  near  Boston,  Upham, 
I  359. 

I  composition  of  brick  from  clay  of, 

,  499. 

I      Saccamina  Eriana,  Dawson,  318. 
Sanddrift  rock-sculpture,  413. 
Siliceous  sinter,  formation  of.  Weed, 

351,501. 
Tertiary  formation,  Denver,  Cross,  261. 
Nummulites  in  the  Himalayas,  413. 
Triaasic  formation   of   Conn.  Valley, 
topographic    development,     Davis, 
423 ;   flora  of  Virginia,  and  age  of 
beds.  D.  Stur,  496. 
Volcanic,  see  Volcano. 
Waverly  group,  Ohio,  llerrick,  317. 
Wood,  silicified,  Arizona,   Knowlton, 
77. 
Gibbs,  J.  W..  comparison  of  electric  the- 
ory of  light  and   theory  of  a  quasi- 
labile  ether,  129. 
Goldschmidt    V.,    Index   der   Krystall- 

formen  der  Mineralien.  162. 
Gooch,  F.  A.,  analyses  of  waters  of  Yel- 
lowstone Park,  234. 
Goodale,  G.    L.,    botanical   notices,    77, 
237,  319,  415. 


Hallock,  W..  chemical  action  l)etween 
solids,  402, 

Hanks,  H.  G.,  Hanksite  in  Cal.,  63. 

Hastings,  C.  S.,  secondary  chromatic  ab- 
erration for  double  telescope  objective, 
291. 
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Cameron,  J.,  Soaps  and  Candles,  242. 
Catlett,  C.,  nickel  ore  from  Canada,  372. 
Chemical  Works  Noticed — 

Chemical  Lecture  Notes,  Austen,  409. 

Elementary  Chemistry,  Fisher,  75. 

Elementary  Chemistry,  Mixtor,  409. 

Soaps  and  Candles,  Cameron,  242. 
Chemistry — 

Aluminum  acetyl-acetonato,  495. 

Capillary  glass  tubes,  use  in  distilla- 
tion, 222. 

Chromium  chloride,  vapor  density,  73. 

Chydrazaine,  or  protoxide  of  ammonia, 
407. 

Diamide  hydrate,  Curtius  and  Jay, 
493. 

Kthyl  fluoride,  408. 

Ferric  chloride,  vapor-density,  73. 

Gallium  chloride,  vapor  density,  73, 
74. 

Indium  chloride,  vapor  density,  73; 
t\vo  new  chlorides  of,  73. 

Isomerism,  geometrical,  494. 

Liquids,  volatile,  heat  of  vaporization, 
225. 

Molecular  mass,  determination  by 
vapor  pressure,  221. 

Nickel  and  cobalt,  new  metal  in,  313. 

Organic  compounds,  absorption  spec- 
tra and  composition,  233. 

Osmium,  atomic  mass,  74. 

Oxygen  and  nitrogen,  combination  in 
gaseous  explosions,  225. 

Oxygen,  nitrogen  and  hydrogen,  com- 
pressibility, 225. 

Phosphorus  in  Iron  Mt.,  Michigan, 
Browne,  299. 

Raoult's  molecular  depressiou  of  the 
freezing  point,  406. 

Regnault's  weights  of  gases,  correc- 
tion of,  495. 

Silver,  allotropic  forms  of,  Lea,  476. 

Solids,  cliemical  action  between,  Hal- 
lock,  402. 

Stannic  acid,  new,  408. 

Sulphur,  phosphorus,  l)romine  and 
iodine  in  solution,  molecular  mass, 
74. 

Synthesis  of  the  glucoses  and  niannite, 
493. 

Thiophosphorji  fluoride,  222. 

Tin,  atomic  mass,  31 1. 

Water  and  carbonic  acid  in  salts,  de- 
termination of,  Chatard,  468 ;  com- 
position of,  402. 
Chatard,  T.  M.,  detennination  of  water 

and  carbonic  acid  in  natural  and  arti- 
ficial salts,  468. 
Chittenden,    K.    II.,    studies    from    the 

(yhemical  Laboratory,  S.  S.  S.,  vol.  iii, 

314. 


Clarke,  F.  W.,  nickel  ore  from  Oanadi 

372. 
Clarke,  J.  M.,  visual  area  in  the  trilobiie, 

235. 
Congress,    lotemational,  of  Geologists, 

499 ;  of  Electricians,  503. 
Cook,  G.  H.,  Final  Report  of  Geologj  of 

N.  J.,  vol.  i,  232. 
Coral    reefs,    eleyated    of   Oahu,    100; 

theory,  102. 
Coulter,  J.  M.,  Revidon  of  N.  American 

Umbelliferae,  417. 
Crafts,  J.  M.,  correction  of  Regnault's 

weights  of  gases,  495. 
Croll,  Stellar  Evolution,  504. 
Cross,  W.,  slipping  planes  and  lamellar 

twinning  in  galena,  237  ;  Denver  Ter- 
tiary formation,  261. 
Curie,  J.  and  P.,  electric  dilatation  of 

quartz,  495. 


Dana,  E.  S.,  new  mineral,  beryllonite. 
23 ;  contributions  to  the  petrofn^phj 
of  the  Sandwich  Islands,  441. 

Dana,  J.  D.,  Dodge's  observations  od 
Halema'uma'u,  48;  notes  on  Mauna 
Loa,  July,  1888,  51  ;  geological  historr 
of  Maui  and  Oahu,  8 1 ;  deep  trough? 
of  the  oceanic  depression,  192,  242. 

Davis,  W.  M.,  topographic  development 
of  Triassic  formation  of  Cono.  Vallej, 
423. 

Dawson,  J.  W.,  Saccamiua  Kriana,  318. 

Day,  D.  T.,  Mineral  Resources  of  U.  S., 
162. 

Deane,  W.,  Moroug's  journey  in  S.  A.. 
321. 

Derby,  0.  A.,  monazitc  in  rocks,  109. 

Diller,  J.  S.,  mineralogical  notes.  216. 

Dodge  F.  S.,  observations  on  Halema'u- 
ma'u, 48. 

Drake,  0.  H.,  Composition  of  a  brick,  490. 

£ 

Earthquakes  in  California,  Holden,  392. 
Electric  currents,  direction  and  velocity. 

Nichols   and   Franklin,    103  ;   arising 

from  deformation,  495. 
Electrical  dilaUition  of  quartz,  495. 

resistance  of  stressed  ghis.s,  IJanis. 

339 ;  Directory,  504. 
Electricians,  Congress  of,  503. 
Electricity,  dissipation  of  fog  by,  226. 
Electrodynamic  waves.    Hertz's  expi'ri- 

ments  on,  227,  316.  400. 
Electromotive   forces,   divergence    from 

thormo-chemical  data,  315. 
Electrolytes,  resistance  of,  228. 
Eyerman,  Mineralogy  of  Pennsylvania, 

501. 
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MlNEBALS  — 

Rkodotilite,  499. 

Scheelite  from  Idaho,  414.  Serpen- 
tine, Montville,  N.  J..  237.  Sperry- 
lite,  anal.,  67  ;  crystalline  form,  71. 
Stibnilo,  501. 
Tbenardite,  Oal.,  236.  Tourmaline, 
brown,  N.  Y.,  237. 
Mixter,  W.  G.,  Elementary  Chemistry, 

409. 
Morong,  T.,  journey  in  S.  A.,  321. 
Mueller,  F.  von,  Key  to  the  System  of 

Victorian  Plants,  41G. 
Museum,  National,   proceedings,  vol.  x, 
421. 


Xason,  F.  I.,  localities  of  N.  Y.  miner- 
als, 237. 

Neumayr,  M.,  Die  Stauime  der  Thier- 
reichs,  Bd.  I,  23r). 

Newell,  J.  If.,  Outlines  of  T/Cssons  in 
Botany,  Pt.  I,  419. 

Nichols.  K.  I^.,  direction  and  velocity  of 
electric  current,  103. 

Norway,  Geology  of,  Keusch,  498. 


Obituary — Barnard,  F.  A.  P.,  504 
Dechen,  Heinrich  von,  422;  Ericsson 
John,  422;  Kjerulf,  Theodor,  422 
James,  U.  P..  322;  Law,  Annie  K. 
422  ;  Meneghiui,  Giuseppe,  422. 

Objectives,  secondary  chrom.atic  abcrra 
tiou  for  double,  Hastings,  291. 

Oceanic  depression,  deep  troughs  and  to 
pogn*aphy  of,  Dana,  192,  242;  nea 
Tongatabu  in  the  Pacitic,  420. 

Ores,  see  Geology. 


Packard,  A.  S.,  recent  discoveries  in 
Carboniferous  flora  and  fauna  of  R.  I., 
411. 

Parry,  C.  C.  Geanothus,  418. 

Penfield,  S.  L.,  crystals  of  Sperrylite, 
7 1  ;  pyrite  crystals,  French  Cr.,  Pa., 
209 ;  crystallized  Bertrandite,  Me. 
and  Col.,  213;  etching  of  (piartz,  401. 

Penrose,  R.  A.  F.,  Jr.,  nature  and  ori- 
gin of  deposits  of  phosphate  of  lime, 
413. 

Personal  equation  machine,  new,  Winter- 
halter,  116. 

Petrography,  see  Rocks. 

Photographic  dry  plates,  effect  of  stain- 
ing upon,  76;  figures  produced  by 
electric  action  on,  220. 

Photography,  orthochromatic,  229. 


B 

Radiant  energy,  history  of,  Langley,  1. 
Rayleigh,  composition  of  water,  492. 
Reusch,  H.,  Bomeloen  og  Karmden,  498. 
Rocks— 

Archsean  and  Huron ian,  Winchell,  497 . 

Augite-syenites,  Irving's,  Bayley,  64. 

Basaltic  lavas  of  Sandwich  Islands, 
E  S.  Dana,  441. 

of  Fernando  de  Noronha,  Williams, 
178. 

minerals  in,  L^vy,  414. 

nionazite  as  an  element  in,  Derby,  109. 

ophiolite,  N.  Y.,  Merrill,  189. 

of  Pigeon  Pt.,  Minn.,  Bayley,  54. 

peridotite,  Elliott  Co.,  Ky.,  Diller,  219. 

quartz-keratophyre,  Minn.,  Bayley,  54. 

Kosenbusch's  tables,  414. 

of  Sandwich  Islands,  Dana,  441. 

serpentine  of  N.  J.,  analysis,  Merrill, 
237. 
Roemer,    F.,    Fauna    der    Rreide    von 

Texas,  318. 
Rose,  J.  N.,   Revision  of  N.  A.  Umbel- 

liforfe,  417. 
Roscnbusch,   H.,   Hiilfstabellen  zur  mi- 

kroskopischen  Mineralbestimmung  in 

Gesteinen,  414. 
Runge,  C,  iron  spectrum,  495. 
Rutley,  F.,  fulgurite  of  Mt.  Viso,  414. 


s 

Sabine,  W.  C,  steam  in  spectrum  analy- 
sis, 114. 
Sandwich  Islands,  see  Hawaiian. 
Seymour,  A.  B.,   Index  of  the  Fungi  of 

U.  S.,  79. 
Shaler,  N.  S.,  Cambrian  of  Bristol  Co., 

Mass.,  76. 
Smith,   J.    D.,     Knumeratio    Plantarum 

Guatemalensium,  etc.,  Pt.  I,  419. 
Smith,  R.  H.,  Graphics,  504. 
Smith,  S.,  list  of  dredging  stations  in  N. 
American    waters,    from    1867-188T, 
420. 
Sound,  diftraction  of,  Stevens,  257. 
Spectra,  absorption,  of    mixed   liquids, 
Bostwick,   471  ;    metallic.    Hutchins, 
'      474. 

Spectrum  analysis,  steam  in,  Trowbridge 
\  and  Sabine,  114;  absorption,  of  oxy- 
I  geu,  224 ;  of  cyanogen  and  carbon, 
I  227  ;  of  iron,  495;  of  magnesium,  406 ; 
I  of  oxygen  at  high  altitudes,  224; 
I  solar,  oxygen  lines  in,  75  ;  solar,  pho- 
tographic map  of,  240. 
I  Steam,  electrified,  316. 
I  Steinmann,  G.,  Elemente  der  Palaontol- 
I      ogie,  235. 
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Hawaiian  Islaods,  volcanic  phenomena 
of,  J.  D.  Dana,  48,  51,  81,  192,  242; 
rocks,  B.  S.  Dana,  441 ;  tomperaturo 
record  at  Hilo,  Fumeaux,  241;  Arte- 
sian boriof^  on  Oahu,  95. 

Herrick,  C.  L.,  Waverly  group,  317. 

Hertz,  waves  of  electric  force,  227,  316, 
409. 

Hill,  R.  T.,  N.  A.  Cretaceous  history, 
282. 

Hillebrand,  W.  F.,  analyses  of  descloi- 
zite,  434. 

Hinde,  G.  J.,  Archaeocjathus,  234. 

Holden,  E.  S.,  earthquakes  in  Cal.  (1888), 
392. 

Hutchins,  C.  C,  notes  on  metallic  spec- 
tra, 474. 


Iron,  magnetization  of,  226;  ores  of 
Michigan  and  Wisconsin,  Van  Hise, 
32  ;   phosphorus  in,  Browne,  299. 


Jones,  D.  K..  Examples  in  Physics.  75 
Journal  of  Morphology,  notice  of,  502. 


Linton  K.,  Entozoa  of  marine  fishes,  239. 

Liquids,  subsidence  of  fine  |>artiol64  Id. 
Barus,  122. 

Loomis,  B.,  contributions  to  meteorol- 
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